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Abstract 
The research detailed within this thesis was undertaken in response to: 1) the ageing 
population; 2) a lack of older adult context (real world) capability data; and 3) the 
need for inclusive design within commercial design practice in order to minimise 
exclusion with everyday products.  The principal aim of this programme of research 
was to generate older adult context capability data and translate it into a suitable 
form that will support the implementation of inclusive design within industry.   
 
This aim was achieved through reviewing environmental context of use (Chapter 2), 
conducting two empirical studies: Study 1 (Chapter 4) investigated the impact of an 
everyday cold temperature (5°C) on older adults’ dexterity (fine finger dexterity, 
power and pinch grip); and Study 2 (Chapter 5) investigated the impact of everyday 
ambient illumination levels (overcast, in-house and street lighting) and contrast on 
older adults’ visual acuity.  The capability data gathered from these studies were 
then translated into a suitable form for designers in order to support the 
implementation of inclusive design within industry; this was achieved through 
following a Human Centred Design process which involved multiple iterative and 
evaluative stages.  
 
The findings from this thesis make several contributions to the area of inclusive 
design:  
• A framework that brings together a number of environmental contextual 
factors which can impact on product interaction; 
• Knowledge and understanding of how to collect and analyse original context 
capability data from older adults; 
• Capability data which quantifies the impact of everyday environmental 
conditions on older adults’ product interaction capabilities; 
• Knowledge and understanding of how to translate capability data into a 
suitable form to facilitate inclusive design; 
• An interactive data tool (Context Calculator) that will aid designers in the 
design and development of inclusive everyday products. 
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Glossary  
 
Accessibility: A user’s ability to perceive, understand and physically interact with a 
product (Keates and Clarkson, 2004).   
Ageing: The accumulation of sensory, physical and cognitive changes which occur 
over time.   
Ambient illumination: The surrounding intensity of light falling on a surface(s); 
measured in lx. 
Baby Boomers: People born after the Second World War between 1946-1964 
(approx. 450 million people worldwide); during this period there was a significant 
increase in fertility rates. 
Component function measure: A capability measure specifically designed to 
obtain a reliable and valid measure of a particular capability function e.g. visual 
acuity, fine finger dexterity, grip strength etc. 
Context of use: Users, tasks, equipment (hardware, software and materials), and 
the physical and social environments in which a product is used (British Standards 
Institution, 2010).   
cd/m2: Candela per metre squared is the derived SI unit for luminance; the unit is 
used to measure the amount of light being reflected off a surface.  
Contrast: Difference in brightness between two surfaces.  Objectively it refers to the 
difference in luminance (amount of light reflected) between two surfaces; measured 
in cd/m2. 
Design exclusion: When the end user cannot use a product as they do not have 
sufficient functional capability. 
Design insight: Clearly and intuitively know what to do from a design perspective. 
  
Dexterity: The ability to use one or both hands, or the ability to manipulate objects 
with the hands to perform fine finger manipulation, pick up and carry objects, or 
grasp and squeeze objects. 
Environmental context of use: The physical and social environments in which a 
product is used. 
Everyday product: A consumer product or walk-up-and-use product designed for 
use by the general public (British Standards Institution, 2006). 
Human-Centred Design process: An approach to interactive systems development 
that aims to make systems usable and useful by focusing on the users, their needs 
and requirements, and by applying human factors/ergonomics, and usability 
knowledge and techniques. 
Independent product use: When a user is able to operate/use a product as 
intended without assistance or having to adopt an alternative strategy (coping 
strategy). 
Lx: The SI unit used to measure illumination i.e. how many light rays fall onto a 1m2 
area.  
Older adult: People aged 65 years and over; most developed world countries have 
accepted this chronological age as a definition of 'elderly' or older person (World 
Health Organisation, 2011). 
Product demand: The level of effort/capability required to use a product.  Products 
have a combination of attributes which demand a certain level of effort/capability for 
them to be used.   
Product interaction: When a person uses a product to perform a particular task. 
SI unit: International system of units from which all other units of measurement are 
formed. 
Visual acuity: The human eye’s ability to discriminate detail; the ability to see fine 
details of objects such as text, graphics and symbols. 
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Chapter 1 
Introduction 
1.1. Introduction 
Increased life expectancy and reduced birth rates have resulted in a greater 
proportion of older adults (65+ years) within today’s society.  In 1950 there 
were 200 million over 65’s worldwide, in 2006  there were 487 million, and by 
2050 it is predicted that there will be 1.55 billion (U.S. Census Bureau, 2010).  
Thus, the composition of the population is dramatically changing; this is 
illustrated in Figure 1.1 which shows the changing shape of the population in 
Japan.  
 
 
Figure 1.1 Changing composition of the Japanese population  
(Statistics Bureau MIC, 2010) 
As a result of these demographic changes, governments around the world 
have reviewed their strategies for meeting the challenges of an ageing 
society.  The UK Government launched a new strategy in 2009 called 
‘Building a society for all ages: a choice for older people’ 
(HM Government, 2009).  One of the major challenges outlined in this 
strategic document is for old age to no longer be a time of dependency and 
exclusion; addressing this challenge will aid the government in achieving their 
future vision which is ‘a society for all ages’ (HM Government, 2009).   
Chapter 1: Introduction 
2 
 
The term old age and older adults will be used throughout this thesis to refer 
to people aged 65 years and over as most developed world countries have 
accepted this chronological age as a definition of 'elderly' or older person 
(World Health Organisation, 2011). 
 
This thesis focuses on how dependency and exclusion can be reduced for 
older adults in relation to everyday products.  Everyday product refers to a 
consumer product or walk-up-and-use product designed for use by the 
general public (British Standards Institution, 2006).  “Everyday” does not imply 
that a product must be used every day by the user, rather that it is found in 
everyday life (British Standards Institution, 2006).  Everyday products are 
defined by the British Standards Institution (2006) as falling in at least one of 
the following five categories:     
 
a) Consumer products intended for some or all of the general public which 
are bought, rented or used, and which may be owned by individuals, 
public organisations, or private companies; 
b) Consumer products intended to be acquired and used by an individual 
for personal rather than professional use (e.g. alarm clocks, electric 
kettles, telephones, electric drills etc.); 
c) Walk-up-and-use products that provide a service to the general public 
(such as ticket vending machines, photocopying machines, fitness 
equipment); 
d) Products used in a work environment, but not as part of professional 
activities (e.g. a coffee or vending machine in an office); 
e) Products including software that supports the main goal of use of the 
product (e.g. mobile phone, mp3 player, satellite navigation systems). 
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Everyday products were selected as they play a crucial role in allowing older 
adults to maintain their independence in the home, in public places, in travel 
and leisure activities (Bieber, 2003).  In particular, everyday products play a 
crucial role in Activities of Daily Living (ADL) and Instrumental Activities of 
Daily Living (IADL).  ADLs are self care activities such as eating, bathing, 
dressing, toileting, transferring (walking) and continence (Roehriga, 2007).  
IADLs are more cognitively influenced e.g. using a phone, food preparation, 
housekeeping and laundry (Lawton and Brody, 1969).  Everyday products 
also enable rewarding leisure activities to take place such as gardening and 
DIY.  Furthermore, walk up and use products such as ATMs, ticket and 
parking machines allow older adults to maintain their independence in public 
places and in travel.  Everyday products that are designed well are one of the 
key contributing factors that allow older adults to complete such tasks and 
thus maintain their independence (Bieber, 2003).  Older adults aspire to 
maintain their independence over and above anything else and good design is 
one of the vital requirements for the satisfaction of their needs (Bieber, 2003).   
1.2. Exclusion with everyday products 
People can become excluded from using everyday products for a variety of 
reasons (e.g. economic, cultural, social, lack of knowledge and experience, 
overly complicated instructions/designs) (Benyon et al, 2005).  However, the 
most common form of exclusion experienced by older adults is when there is 
a mismatch between what the product demands of the user and the user’s 
capabilities (Dong et al, 2003a).  More specifically, everyday products have a 
combination of attributes (buttons, handles, text, alerts, menus, etc.) which 
place demands on user’s capabilities (Persad et al, 2007).  In order for a 
product to be accessible, an individual’s level of capability has to be greater 
than the product demand; when the reverse is true, exclusion is likely to occur 
as product attributes become inaccessible.  Accessibility refers to a user’s 
ability to perceive, understand and physically interact with a product (Keates 
and Clarkson, 2004).   
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Everyday products typically place demands on up to six human capabilities, 
which have been identified as vision, hearing, cognition, locomotion, reach & 
stretch, and dexterity (Keates and Clarkson, 2004; Clarkson et al, 2007; 
Persad et al, 2007; Waller et al, 2008).  A description of each of these 
capabilities is provided in Table 1.1.      
 
Table 1.1. Product interaction capabilities 
 
Capability 
   (Type) 
Description 
Vision 
(Sensory) 
The ability to sense colour and brightness of light to detect 
objects, discriminate between different surfaces, or the detail 
on a surface (Persad and Langdon, 2007a).  
Hearing 
(Sensory) 
The ability to interpret sound vibrations.  People can identify 
simple sounds such as beeps and tones and complex 
sounds such as speech and music against differing 
background noise (Persad and Langdon, 2007b). 
Cognition 
(Cognitive) 
This refers to how a person understands and acts i.e. ability 
to process information, hold attention, store and retrieve 
memories, select appropriate responses and actions – 
language and social skills (Langdon and Waller, 2007). 
Locomotion 
(Physical) 
The ability to move around, bend down, climb steps, and 
shift the body between standing, sitting and kneeling 
(Persad and Cardoso, 2007a). 
Reach & stretch 
(Physical) 
The ability to put one or both arms out in front of the body, 
above the head, or behind the back (Persad and Cardoso, 
2007b). 
Dexterity 
(Physical) 
A physical/motor capability which refers to the ability to use 
one’s hands, or the ability to manipulate objects with the 
hands (Persad and Waller, 2007; Trombly and Scott, 1989 
 
There is also the human capability strength which is required when interacting 
with everyday products.  Strength is defined as the human ability to exert 
force against physical objects (Sanders and McCormick, 1993).  There is both 
dynamic and static strength; dynamic strength refers to when a body member 
(arm, leg, etc.) is being moved to exert force e.g. when lifting or manoeuvring 
an object such as a vacuum cleaner or a lawn mower; static strength is where 
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force is applied against a fixed object with no movement of the body e.g. 
holding a mobile phone, mp3 player, remote control etc. (Sanders and 
McCormick, 1993).  Both dynamic and static strength are closely interlinked 
with dexterity; further details are provided in sections 2.3 and 2.5.      
 
The level of demand placed on each of these capabilities is dependent upon 
the attributes of the product and the task being undertaken.  Also, an 
individual’s level of functioning along any of these capability dimensions can 
range from very high to extreme impairment (Johnson et al, 2009).  Thus, 
exclusion can occur at any point when the product demand is greater than 
any one of these user capabilities, for example:   
• If the numbers on a remote control or phone keypad are too small to be 
perceived; 
• If an alert on a mobile phone is not loud enough or too low in frequency 
to be heard; 
• If an interface requires a user to learn and/or remember too much 
information;  
• If the on/off switch on a cylinder vacuum cleaner is located too near the 
ground i.e. beyond a distance a user is able to bend down to; 
• If the payment slot for a ticket machine is placed too high i.e. higher 
than a user is able to reach to; 
• If the force required to open a cap on a bottle is greater than a user’s 
grip strength. 
     
The reason this form of exclusion is commonplace amongst older adults is 
because they have significantly reduced motor, sensory and cognitive 
capabilities compared to the rest of the population.  This reduction in 
capability is due to the effects of the ageing process and the higher incidence 
of medical conditions with age, such as arthritis or cataracts (Persad et al, 
2006).  Thus, in order for dependency and exclusion to be prevented, 
designers have to understand and account for the reduced functional 
capabilities of older adults in their designs (Keates and Clarkson, 2004).   
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1.3. Inclusive design  
Overcoming these barriers to access is a key design consideration.  There are 
two main design approaches which can achieve this: 1) ‘top-down’ or  
2) bottom-up’.  Both of these approaches can be described by Benktzon’s 
(1993) user pyramid as shown in Figure 1.2. 
 
Figure 1.2 The user pyramid – a map of disability across the population 
(Benktzon, 1993) 
 
The fundamental difference between the two approaches is: 
• Top-down is designing for the least functionally capable users (those 
with the most severe impairments) then trying to make the resulting 
product mainstream friendly. 
• Bottom-up is taking a mainstream product and pushing the boundaries 
of the design to include as many potential users as possible. 
 
One of the main problems of adopting a top-down approach is that the 
products may only appeal/be sold to a small target group and thus fail to 
penetrate the mainstream market (Keates and Clarkson, 2004).  Thus, 
adopting such an approach to minimise exclusion may prove impractical and 
not economically viable.  However, a bottom-up approach offers greater 
potential for commercially successful products, as starting at the bottom of the 
  
  
  
Severely 
disabled  
people 
People with 
reduced strength and 
mobility 
Able-bodied people and 
those with minor disabilities 
Top-down 
Bottom-up 
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pyramid and expanding upwards means large numbers of people are 
included.   Also, users have a desire to comply with the norm – “I want what 
everyone else has, I don’t want to be different” (Keates and Clarkson, 2004).    
Thus, minimising exclusion through a bottom-up approach would appear to be 
the most practical and commercially viable way of achieving it. 
 
The bottom-up approach is commonly known as the inclusive design 
approach, which is defined as  the “design of mainstream products and/or 
services that are accessible to, and usable by as many  people as reasonably 
possible, within the widest range of situations without the need for special 
adaptation or design” (British Standards Institution, 2005).  An inclusive 
design approach was thus adopted in the research detailed in this thesis.      
1.4. Capability data 
As identified in section 1.2, it is essential that designers understand and 
account for the reduced functional capabilities of older adults in their designs 
if exclusion is to be minimised.  The most valid way of achieving this would be 
to have users interacting with the product in question during the design 
process; however, there are a number of issues associated with user testing.  
Such methods can be laborious, time-consuming and prone to sample bias, 
which can lead to misleading insights (Persad et al, 2006).  It is also very 
difficult to capture the full breadth of capability within the population when 
conducting user testing (Johnson et al, 2009).  A number of authors (Persad 
et al, 2006; Clarkson, 2007; Johnson et al, 2009) state that in order to design 
inclusive products, designers require knowledge of the full range of 
capabilities within the population.  This can be best captured through 
capability datasets which detail the capability ranges of a representative 
sample of the population along a given dimension(s) (Johnson et al, 2009). 
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Over the past 35 years, several older adult capability datasets have been 
developed; the most notable include:  
1. Older Adult Data (Smith et al, 2000) (see Figure 1.3) 
2. Bodyspace (Pheasant, 1986)   
3. Humanscale (Diffrient et al, 1978, 1981a, 1981b) 
 
 
Figure 1.3. Example of an older adult capability dataset (Smith et al, 2000)  
 
These datasets contain anthropometric data, i.e. range of motion, strength 
and performance data; such data is intended to contribute towards the design 
process to help ensure that the product being developed is suitable for the 
intended users (Pheasant, 1986).  However, a considerable amount of 
literature has been published on the impractical nature of such data.  Gyi et al 
(2000) surveyed 50 designers who found such data to be ‘patchy’ and rarely 
in sufficient detail to enable design professionals to make more informed 
decisions.  Goodman et al (2006a) conducted a larger study with 87 industrial 
companies.  In this study, the findings identified lack of knowledge and 
inappropriate tools to be a significant barrier to the uptake of inclusive design 
in industry.  Nickpour and Dong (2011) carried out a more recent survey with 
designers regarding their current perception of capability data; ‘out of date’, 
‘irrelevant’ and ‘hard to understand and work with’ were the main comments 
made repeatedly by almost all the designers.  It is evident from this wealth of 
research that capability datasets such as these provide little if any assistance 
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in designing inclusive products. In fact, they appear to present a barrier for 
designers, preventing inclusive design from happening.   
1.4.1. Type of capability data required by industry 
Over the past decade, a number of investigations have been conducted to 
identify what would encourage or aid the uptake of inclusive design in 
industry.  In 2000, Gyi et al conducted telephone interviews with a cross-
section of 50 designers to determine the situation in relation to inclusive 
design.  Results from the study indicated that if an inclusive approach is to be 
adopted, then there are two key areas critical to its success: 
1. The provision of accurate and relevant data on the target users;  
2. Efficient and effective support in the use and application of this data 
during product development. 
 
Gyi et al (2000) further suggested that an important criterion when adopting 
the inclusive design approach would be to have the ability to determine who 
has been ‘designed out’ (excluded) and why.  In 2003b, Dong et al carried out 
a larger investigation into the UK and US industrial perspectives on inclusive 
design.  The study confirmed that analytical design metrics that assess the 
inclusive merit of a product’s design (i.e. the number of people excluded from 
using a particular product and why) would greatly assist the implementation of 
inclusive design in business.  The concept of design exclusion has also been 
reported by Keates and Clarkson (2004) as being particularly powerful as 
“identifying why and how users cannot use a product enables designers to 
counter such exclusion.”  Thus, in order to support designers in designing for 
the older population, tools are required that allow the prediction of difficulty 
with or exclusion from product interactions and attributes. 
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1.5. Current inclusive design tools 
Currently, there are two inclusive design capability tools available which 
provide analytical inclusive design metrics / exclusion data:  
1) HADRIAN (Human Anthropometric Data Requirements Investigation 
and Analysis) (see Figure 1.4)  
2) Exclusion Calculator (part of the online Inclusive Design Toolkit 
www.inclusivedesigntoolkit.com) (see Figure 1.5). 
 
Figure 1.4. HADRIAN inclusive design tool1 
 
 
 Figure 1.5. Exclusion Calculator2 
                                            
1 http://www.hadrian-data.com/ 
2 http://www.inclusivedesigntoolkit.com/betterdesign2/exclusioncalc/exclusioncalc.html  
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HADRIAN is a software based computer-aided design tool.  Its purpose is to 
automatically assess/evaluate the inclusive merit of a proposed design 
(prepared as a CAD model).  It compares the capabilities of 102 older and 
disabled adults to the specified tasks that are performed with the CAD model.  
HADRIAN then highlights which users are unable to complete certain task 
stages based upon their ability.  Features that cause difficulty and/or 
exclusion can then be modified to increase the inclusive merit of the product 
prior to manufacture (Summerskill, et al 2009).  
 
The Exclusion Calculator is a web based tool that is part of the online 
Inclusive Design Toolkit (www.inclusivedesigntoolkit.com).  The Inclusive 
Design Toolkit is an online resource that aims to provide the design industry 
with the necessary resources to implement inclusive design.  The tool is 
designed to estimate the number of people within the population who would 
be excluded from using a particular product based on assessing the demands 
on each individual capability domain (Clarkson et al. 2007).  Attributes that 
require the greatest level of capability (i.e. exclude the most people) can then 
be identified and refined so they are less demanding, thus decreasing the 
number of potential users being excluded.   
1.5.1. Limitations of current inclusive design tools 
Both HADRIAN and the Exclusion Calculator essentially calculate who in the 
‘real world’ would be excluded from using a particular design of a product.  
The calculated level of exclusion, in both tools, is based on a capability 
dataset.  However, one serious weakness with the capability datasets used in 
both tools is that they fail to consider capability in real world day to day 
environmental conditions where products are used.  The capability data used 
for HADRIAN was measured in a controlled laboratory environment; dexterity 
was measured using a Peg-test at a standard room temperature 19°C-24°C; 
reach range was measured whilst participants were lightly clothed; visual 
ability was either self-reported or measured under laboratory lighting (Gyi et 
al, 2004).  The capability data used in the Exclusion Calculator was self-report 
data taken from the 1996/97 Great Britain Disability Follow-up Survey (DFS) 
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(Grundy et al, 1999) which was initially gathered to help plan welfare support.  
Participants of the DFS were asked to rate to what extent they could perform 
such tasks as read newspaper print, pick up a safety pin, and hear a ringtone 
from a phone.  Thus, such datasets do not take into account the impact of 
environmental conditions on capability; Waller et al (2008) points out that the 
DFS data/Exclusion Calculator is not intended to cover all aspects of product 
interaction.     
 
The environmental conditions in which a product is used, is referred to as the 
environmental context of use.  British Standards Institution (2006) defines the 
environmental context of use as the physical and social environments in 
which a product is used.  Physical environment refers to the external 
surroundings and conditions, and the social environment refers to the culture 
and interactions of the people that surround the user (British Standards 
Institution, 2006).  Environmental context of use is a sub component of 
context of use; context of use considers a broader set of circumstantial 
factors, such as issues relating to the user, task, equipment and the 
environment in which a product is used (British Standards Institution, 1998a).   
 
The research presented in Chapters 2 to 5 specifically focuses on the impact 
of environmental context of use on product interaction.  However, in Chapter 6 
the emphasis of this thesis changes from gathering environmental context 
capability data to developing a design resource which translates the capability 
data gathered into a suitable form for designers.  Thus, the methodology 
adopted changes, and is based on conventional design approaches; as part 
of this approach the broader definition of context of use (user, task, equipment 
and environment) is considered.   
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1.6. Importance of context of use in design 
A considerable amount of literature has been published on the need to 
consider context of use when designing products.  Elton et al (2008) reviewed 
the effects of context on product interaction and concluded that context can 
have a multi-faceted impact on product interaction (e.g. increasing or 
decreasing user capability) particularly with older adults who have significantly 
reduced capability due to their age.  Maguire (2001a) points out that “when a 
mismatch between context and a product occurs, it is unlikely that the benefits 
of a product will be realised.”  Clarkson (2007) also highlighted that if 
exclusion is to be minimised then knowledge of the product demands, range 
of capabilities, and knowledge of context of use is needed.  Furthermore, 
identifying and specifying context of use is detailed as the first stage in the 
Human-Centred Design process (British Standards Institution, 2010); a design 
process specifically focussed on creating accessible and usable products, 
services and systems.   
 
There are also a number of published studies which specifically report 
decrements in capability as a result of environmental context of use.  For 
example: 
• Riley and Cochran (1984) reported how younger adults’ dexterous 
ability decreased when exposed to a cold temperature (1.7°C);  
• Baker and Mansfield (2010) reported decrements in dexterity when 
exposed to vibration which could be experienced on public transport; 
• Hopkinson and Collins (1970) reported that the human eye can detect 
detail ten times as fine in daylight as it can under starlight.    
 
Consideration of the impact such environmental contextual factors have on 
capability is even more prevalent with today’s ageing population as the Baby 
Boomer generation promises to be different from previous elder generations.  
They expect great things from design and technology.  In particular, wireless 
information and communication technologies have become part of the fabric 
of their everyday life (Morris et al, 2009).  These advancements have allowed 
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for the use of more everyday products when out of a controlled home 
environment.  For example, there is no restriction as to where mobile phones, 
mp3 players, digital cameras, PDAs, satellite navigation systems, signature 
recording devices, etc. can be used.  It is not just technological devices that 
are used whilst out of the home environment; products such as flasks, keys, 
drinks bottles, maps, door handles, bus timetables, gardening products, 
packaging, etc. are also used in a wide range of different environments.  
Everyday products should be easy to operate over their entire intended 
environmental range (British Standards Institution, 2006).  Thus, failure to 
consider the capabilities of users in these everyday environmental conditions 
could easily result in products causing difficulties to, or excluding those 
intended to be included.   
 
In summary, it would appear that environmental context of use has the 
potential to lead to a decrease in capability.  This decrease in capability could 
potentially change the way disability/ability is mapped across the ageing 
population.  Using Benktzon’s (1993) user pyramid as an example (Figure 
1.2), it would mean that the proportion of older adults classed as having slight 
or severe disability would increase and the number of ‘able-bodied’ older 
adults would decrease.  This would mean that the shape of Benktzon’s (1993) 
user pyramid would change – the base would narrow and the top would 
broaden, much like Figure 1.1.  Such changes in capability would require 
designers to broaden the limits of their designs in order to maintain the 
desired level of inclusion.  
 
A detailed review of past studies which have investigated the impact of 
environmental conditions on human capabilities is detailed within Chapter 2b.  
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1.7. Aim and objectives 
Following a detailed critical review of the literature, it would appear that 
inclusive design research has yet to focus on older adults’ capabilities within 
real world environmental contexts of use i.e. within everyday environments 
where product interaction is likely to occur.  The aim and objectives of the 
research detailed in this thesis are thus as follows: 
1.7.1. Aim 
To generate older adult context capability data and translate it into a suitable 
form that will support the implementation of inclusive design within industry. 
1.7.2. Objectives 
1. Identify what aspects of environmental context of use are likely to 
have the most frequent impact on older adults’ product interaction 
capabilities; 
2. Establish what context capability data currently exist, and where 
there are gaps in data, in relation to the identified environmental 
contextual factors; 
3. Conduct experimental investigations that will gather accurate older 
adult context capability data that is relevant to product interaction; 
4. Conduct statistical analysis on the data to determine the extent to 
which the environmental context of use affects older adults’ product 
interaction capabilities; 
5. Translate older adult context capability data into a suitable form for 
designers; 
6. Evaluate the suitability and usability of the translated data with 
designers. 
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1.8. Thesis structure 
The overall structure of this thesis takes the form of seven chapters, including 
this introductory chapter.  The six objectives that have been detailed are met 
throughout the chapters within this thesis.  A chapter summary of how this is 
achieved can be seen below.   
 
Chapter 2 
• 2a: Identifying key contextual factors.  This chapter addresses 
objective 1.  Presented in this chapter is a review of environmental 
context of use and product interaction capabilities.  From this review, 
environmental contextual factors likely to have the most frequent 
impact on product interaction are identified.   
• 2b: Context capability data review.  This chapter addresses objective 
2.  A review of past studies which have investigated the effect of 
ambient illumination on vision, and cold temperatures on dexterity are 
detailed.  Gaps in the data are then identified from the review.  Finally, 
key research questions are generated to address the identified gaps in 
the data.  The research questions generated in this chapter are 
addressed in Chapters 4 and 5. 
 
Chapter 3 
• Gathering context capability data.  This chapter presents a review of 
the primary methods, strategies and techniques used to gather context 
capability data and identify the most appropriate for use in 
experimental studies 1 and 2 (Chapters 4 and 5).   
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Chapter 4  
Chapter 4 addresses objectives 3 and 4 for the dexterity element of this 
thesis.  Chapter 4 is divided into the following three sections: 
• 4a: Dexterity measures review.  A review of objective performance 
dexterity measures are detailed within this chapter.  A range of 
measures are selected for Study 1 based on the review findings 
presented;      
• 4b: Study 1 - Effects of an everyday cold temperature: 
Methodology. Presented within this chapter is the experimental 
methodology that was followed for Study 1 in order to gather accurate 
older adult context dexterity data that is relevant to product interaction 
(objective 3); 
• 4c: Study 1 - Effects of an everyday cold temperature: Results.  
The statistical analysis results from Study 1 and a discussion of the 
findings are presented within Chapter 4c.  The results and discussion 
address key research questions generated from Chapters 2b and 4a. 
Chapter 5 
Chapter 5 addresses objectives 3 and 4 for the vision element of this thesis.  
Chapter 5 is divided into the following three sections: 
• 5a: Visual acuity measures review and development.  Presented 
within this chapter is a review of objective performance visual acuity 
measures.  The development of a range of visual acuity letter charts is 
then presented. 
• 5b: Study 2 - Effects of everyday ambient illumination levels: 
Methodology.  Presented within this chapter is the experimental 
methodology that was followed for Study 2 in order to gather accurate 
older adult context visual acuity data that is relevant to product 
interaction (objective 3); 
• 5c: Study 2 - Effects of everyday ambient illumination levels: 
Results.  The statistical analysis results from Study 2 and a discussion 
of the findings are presented within Chapter 5c.  The results and 
discussion address key research questions generated from Chapters 
2b and 5a. 
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Chapter 6 
Chapter 6 addresses objectives 5 and 6.  Objective 5 is addressed in Chapter 
6a and objective 6 is addressed in Chapter 6b: 
• Chapter 6a: Translation of context capability data.   This chapter 
details the process that was followed to translate the context capability 
data gathered from Studies 1 and 2 (Chapters 4 and 5) into a suitable 
form for designers. 
• Chapter 6b: ‘Context Calculator’ evaluation and refinements. This 
chapter presents the findings from the evaluation of the Context 
Calculator with practicing designers.  Refinements made to the design 
resource as a result of evaluation findings are then presented.   
 
Chapter 7  
• Conclusions and future work:  In this chapter, the key findings from 
the research carried out in this thesis are detailed.  The contributions of 
knowledge from this research are discussed along with the limitations 
of the findings.  The chapter concludes with suggestions for future 
research. 
 
 
The structure of this thesis is illustrated in Figure 1.6.  This shows the overall 
outline of the research conducted as part of this thesis and where each of the 
research objectives is addressed.  
  
Chapter 1: Introduction 
19 
 
      Chapter 1: Introduction 
        
    Chapter 2    
    2a: Identifying 
key contextual 
factors 
   
        
    2b:Context 
capability data 
review 
   
        
        
   Chapter 3:  
Gathering context 
capability data 
  
        
  Chapter 4    Chapter 5  
  
4a: Dexterity 
measures review 
 
 
 5a: Visual acuity 
measures review and 
development 
 
        
  
4b: Effects of an 
everyday cold 
temperature: 
Methodology 
 
 
 
5b: Effects of everyday 
ambient illumination 
levels: Methodology 
 
        
  4c: Effects of an 
everyday cold 
temperature: 
Results 
 
 
 
5c: Effects of everyday 
ambient illumination 
levels: Results 
 
        
   
 
     
    Chapter 6    
  
 
 6a: Translation of 
context capability 
data 
 
 
 
        
  
 
 6b: Context 
Calculator 
evaluation and 
refinements 
 
 
 
        
        
 Chapter 7: Conclusions and future work 
Figure 1.6. Overview of thesis structure 
O
bj
ec
tiv
es
 1
 &
 2
 
O
bj
ec
tiv
es
 3
 &
 4
 
O
bj
ec
tiv
es
 5
 &
 6
 
Chapter 2a: Identifying key contextual factors 
20 
 
Chapter 2a: 
2. Identifying key contextual factors 
Research objective addressed in this chapter: 
 
Objective 1: Identify what aspects of environmental context of use are likely 
to have the most frequent impact on older adults’ product 
interaction capabilities. 
 
2.1. Introduction 
In Chapter 1 it was established that the capability datasets used in current 
inclusive design tools (HADRIAN and the Exclusion Calculator) do not take 
account of older adults’ capabilities in everyday environmental conditions (i.e. 
environmental context of use).  A number of authors have highlighted the 
need to consider context of use in design, and past studies have reported 
decrements in capability as a result of environmental context of use.  This 
chapter will seek to identify which environmental contextual factors are likely 
to have the greatest impact on older adults’ product interaction capabilities.  
For this to be achieved, an understanding of the range of environmental 
contextual factors and product interaction capabilities deemed relevant to 
design is firstly needed.  It is important to note that in order to predict real 
world exclusion, a multivariate database on capabilities (i.e. vision and 
hearing, cognition, dexterity, reach and stretch and locomotion) and 
environmental context of use is needed (Persad et al, 2007, Johnson et al, 
2009).  However, conducting multiple studies which measure each capability 
in a range of environmental contexts is not practical (in terms of time, cost and 
resources) within the scope of this research. Thus, through addressing 
objective 1 and focusing on the capabilities most frequently used and the 
environmental contexts most frequently experienced, will help ensure this 
thesis addresses areas of greatest relevance to product interaction and 
exclusion.   
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2.2. Environmental context of use review 
Environmental context of use is defined by the British Standards Institution 
(2006) as “the physical and social environments in which a product is used.”   
The ‘physical environment’ refers to the external surroundings and conditions 
such as the ambient illumination, atmospheric conditions, temperature, 
auditory conditions, vibration, the built environment, etc.  (British Standards 
Institution, 1998).  The ‘social environment’ refers to the culture and the 
interaction of people that surround the user(s); this includes such factors as 
the presence of others, their attitudes and beliefs, their status, social 
interactions, interruptions etc. (British Standards Institution, 1998).  
 
The definition and descriptions provided on environmental context of use are 
taken from ergonomics standards.  However, as previously stated in section 
1.5.1 the environmental context is also considered within the broader 
definition of context of use, as well as within the computing discipline in the 
development of ‘context aware’ devices. The computing discipline refers to 
factors associated with the environmental context as ‘place’.  Furthermore, 
environmental context is considered in the development of mobile products 
and services; it is referred to as the ‘mobile context‘.  However, ‘mobile 
context’ centres around understanding different situations and pressures a 
user experiences when making journeys (either on foot, by car or public 
transport) and the effect such factors have on a person’s actions with the 
device, i.e. what features they use as a result of the situations they are in 
(Tamminen et al, 2004).  It does not therefore focus on identifying factors 
which may impact upon the accessibility or usability of a product or system.  
Thus, ‘mobile context’ was not further considered in this review.  However, 
there is considerable overlap between ergonomics (environmental context of 
use and context of use) and computing (context aware).  In both disciplines, 
the aim is to ensure the end product or system is accessible, usable and 
supports the user in the task they are trying to accomplish.   
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A review of the key context models/descriptions within both the ergonomics 
and computing disciplines was undertaken.  The purpose of the review was to 
establish the breadth of environmental factors that have been identified in 
past research/models as having an effect on the accessibility and usability of 
a product and/or system.  Through identifying these factors a systematic 
review could then be conducted to identify which are likely to affect older 
adults’ ability to interact with everyday products. 
 
A review of the following key models/descriptions was conducted:  
a) Attributes of the context of use (British Standards Institution, 1998);  
b) Usability context analysis (Thomas and Bevan, 1995) 
c) Usability measurement in context (Bevan and Macleod, 1994) 
d) MUSiC Performance Measurement Method (Macleod et al, 1997) 
e) The structure of context of mobile internet (Kim et al, 2002); 
f) A working model for context aware mobile computing (Schmidt et 
al, 1999); 
g) A conceptual framework and a toolkit for supporting the rapid 
prototyping of context-aware applications (Dey et al, 2001).    
 
In total, over 20 contextual factors were identified in the review.  To help 
summarise these findings, a conceptual framework of environmental context 
of use, which encompasses the findings from the review, has been detailed in 
Figure 2.1.   
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 Environmental context of use 
         Physical            Social 
 Visual conditions  Social interactions 
      Ambient illumination                 Communication 
                           Glare  Interruptions/distractions 
 Auditory conditions  Presence of others 
               Ambient noise                               High 
 Reflection/reverberation                                Low 
 Thermal conditions  Culture 
                  Temperature                         Attitudes 
                        Humidity                            Beliefs 
                       Air speed                     Behaviours 
          Thermal radiation                            Values 
 Vibration  Privacy 
                   Whole-body  Status 
 Layout                             Group 
                            Space                        Individual 
                             Steps   
                          Seating   
 Atmospheric  
conditions 
  
                         Weather   
    
    
 
Figure 2.1. The environmental context of use framework  
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2.3. Product interaction capabilities 
Section 2.2 identified a wide range of factors that are associated with 
environmental context of use.  This section focuses on identifying which 
capabilities are made demands on/required most frequently when interacting 
with everyday products.  The identification of key product interaction 
capabilities will aid the identification of environmental contextual factors likely 
to have the greatest impact on product interaction, as only the contextual 
factors which impact upon these capabilities will be relevant. 
 
Identified in Chapter 1 (table 1.1) were the key capabilities which everyday 
products typically make demands upon; these were identified as vision, 
hearing, cognition, locomotion, reach and stretch, and dexterity (covering 
strength) (Clarkson et al, 2007).  The level of demand placed on each 
capability is dependent upon the attributes of the product and the task being 
undertaken.  For the purpose of this research, a capability assessment of ten 
everyday products was conducted.  A broad range of products were selected 
to ensure each of the everyday product categories defined in section 1.0 were 
represented within the capability assessment.  This strategy was adopted to 
make sure that a greater understanding could be acquired of a host of 
everyday product attributes.  The aim of this assessment was to determine 
whether demands were made on certain capabilities more than others.  This 
was achieved through breaking down the key task steps for using each of the 
products and then identifying the capabilities most often employed to 
complete each of the task steps.  The capability assessment for each product 
is detailed in Table 2.1.   
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For the purposes of this assessment, cognitive ability was only listed when a 
task step specifically required the user’s attention (mental working) which 
utilises short term memory ability (Langdon and Waller, 2011). Short term 
memory is required for such tasks as remembering a number or a list of 
instructions or settings, or a list of words presented in a drop down menu 
(Langdon and Waller, 2011).  Cognitive ability is also required for other 
aspects of product interaction, such as understanding the necessary actions 
that need to be performed and controlling the body’s physical and sensory 
capabilities.  However, cognitive ability was not listed for either of these 
specific factors as generally they do not require attention/mental working.   
For example, understanding the necessary actions that need to be performed 
with a product, providing it is familiar, is achieved through continual reference 
to long term memory (Langdon and Waller, 2007).  Also, for the most part, 
perceiving requires sensory capability, acting requires motor capability, and 
thinking requires cognitive capability (Waller and Clarkson, 2011). 
 
There is also the distinction between task steps which required dexterity (the 
ability to use one’s hands, or the ability to manipulate objects with the hands) 
and/or strength (the human ability to exert force against physical objects).  As 
previously stated in section 1.2 dexterity and strength are closely interlinked; 
the relationship between the two capabilities is detailed within section 2.5.  
However, for the purposes of the capability assessment detailed in Table 2.1 
strength was separated from dexterity for task steps which predominantly 
required dynamic strength i.e. the exertion of force to lift, lower and/or 
manoeuvre an object. As such task steps predominantly required the exertion 
of force by a body member, other than the hand, for it to be completed. 
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Table 2.1. Capability assessment of ten everyday products 
 
Product 
  (task) 
Task step Capabilities 
Mobile phone 
(Make a phone 
call) 
 
Unlock phone Cognition, Vision, 
Dexterity 
Enter number/select contact Cognition, Vision, 
Dexterity 
Place phone to ear   Reach & Stretch, 
Dexterity, Strength 
Wait while phone rings  Hearing 
Hold a conversation Cognition, Hearing 
End call (identify and press call end button) Vision, Dexterity, 
Strength 
Digital camera 
(Take a picture) 
Identify a scene they wish to capture Vision 
Switch camera on Dexterity, Vision 
Hold camera in position to take photo Vision, Dexterity, 
Strength, Reach & 
Stretch 
Capture photo (press button) Dexterity  
View image taken on display screen Vision, Dexterity 
Switch camera off Vision, Dexterity 
MP3 player 
(Listen to music) 
Switch MP3 player on Vision, Dexterity 
Select track (operating the 
controls/navigating through menus) 
Vision,  Dexterity  
Place headphones in ears Reach & Stretch, 
Dexterity, Strength 
Press play Vision, Dexterity 
Listen to the track Hearing 
Remote control 
(Switch TV on and 
change channel)  
Pick up the remote Vision, Dexterity, 
Strength, Reach & 
Stretch 
Identify and press the ‘standby’ button Vision, Dexterity 
Identify and select desired channel  Vision,  Dexterity  
Put the remote down Vision, Dexterity, 
Strength, Reach & 
Stretch 
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Product 
  (task) 
Task step Capabilities 
Washing machine 
(Put the washing 
machine on) 
Open the washing machine door Dexterity, Vision, 
Locomotion, Reach & 
Stretch 
 
Load washing into the machine Vision, Dexterity, 
Strength, Locomotion, 
Reach & Stretch 
Close the washing machine door Dexterity, Strength, 
Locomotion, Reach & 
Stretch 
Set the washing machine controls Cognition, Vision, 
Dexterity 
Switch the machine on Hearing, Vision, 
Dexterity 
ATM 
(Withdrawing cash) 
Insert bank card into ATM Vision, Dexterity, 
Strength, Reach & 
Stretch 
Enter Pin number Cognition, Vision, 
Dexterity, Reach & 
Stretch 
Select desired options/amount 
 
Cognition, Vision,  
Dexterity, Reach & 
Stretch 
Collect card and cash  Vision,  Dexterity, 
Strength, Reach & 
Stretch 
Microwave 
(Warm up a meal) 
Open the door Dexterity, Vision, 
Reach & Stretch 
Place meal inside  Dexterity, Strength, 
Vision, Reach & 
Stretch 
Close the door Dexterity, Strength, 
Reach & Stretch 
Set the microwave controls and switch on Cognition, Vision, 
Dexterity, Hearing 
When finished open door and retrieve food 
from microwave 
Hearing, Vision, Reach 
& Stretch, Dexterity, 
Strength 
Close door Dexterity, Strength, 
Reach & Stretch 
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Product 
  (task) 
Task step Capabilities 
Kettle 
(Boiling water to 
make a drink) 
Lift kettle off base and fill with water 
 
Reach & Stretch, 
Dexterity, Strength, 
Vision 
Place kettle back on base Vision, Dexterity, 
Strength 
Switch kettle on  Vision, Dexterity 
Identify when boiled Vision, Hearing 
Pour water into cup Reach & Stretch, 
Dexterity, Strength, 
Vision 
Lawn mower 
(cutting the lawn) 
Get the lawn mower to the lawn 
 
Locomotion, Dexterity, 
Strength, Vision 
Connect the power 
 
Locomotion, Dexterity, 
Vision 
Start the mower Dexterity,  Vision, 
Hearing 
Mow the lawn  Locomotion, Vision, 
Dexterity, Strength, 
Reach & Stretch 
Disconnect grass box Vision, Dexterity, 
Strength, Locomotion 
Empty the cuttings Locomotion, Reach & 
Stretch, Vision, 
Dexterity, Strength 
Put the lawn mower away Locomotion,  Dexterity, 
Strength, Vision 
Ticket vending 
machine 
(Buy a train 
ticket) 
Activate screen Cognition, Vision,  
Dexterity, Reach & 
Stretch 
Select ‘buy a ticket’ Vision, Dexterity, 
Reach & Stretch 
Navigate through menus to select and 
confirm destination (ticket) 
Cognition, Vision,  
Dexterity 
Insert bank card and payment details Dexterity, Strength, 
Vision, Reach & 
Stretch, Cognition 
Remove card and tickets Vision, Reach & 
Stretch, Dexterity, 
Strength 
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In total, 53 task steps were identified in the capability assessment (Table 2.1).  
By calculating the number of task steps which require vision, dexterity, 
cognition etc., it is possible to gain an understanding of the extent to which 
each capability is required to interact with everyday products.  The results 
from this analysis are detailed within Figure 2.2.    
 
 
Figure 2.2 Number of task steps which require each form of capability 
 
Figure 2.2 shows the results obtained from the capability assessment of ten 
randomly selected everyday products.  It is clear from this analysis that out of 
the six user capabilities identified as being relevant to product interaction, 
vision and dexterity are the capabilities which are required most frequently.  
Specifically, the results from the capability assessment showed that: 
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• Dexterity was required to complete 48/53 tasks (91%); 
• Vision was required for 44/53 tasks (83%); 
• Reach & stretch was required for 25/53 tasks (47%);   
• Strength was required for 24/53 tasks (45%);   
• Cognition was required for 10/53 tasks (19%);  
• Locomotion was required for 9/53 tasks (17%); 
• Hearing was required for 7/53 tasks (13%).   
 
Comparison of these results showed that vision and dexterity were required to 
complete almost double the number of task steps compared to the other 
capabilities.  A recent study by Neary et al (2010) also identified dexterity as a 
central feature of product interaction.   
 
Based on the findings of the capability assessment (Table 2.1), this thesis will 
specifically focus on the impact of the environmental context of use on both 
vision and dexterity.  However, there are a number of different functions of 
both the visual and dexterous system; certain functions are more relevant to 
product interaction than others.  Sections 2.4 and 2.5 review the different 
visual and dexterous functions and identify those required most when 
interacting with products.   
2.4. Visual functions 
Vision is classed as a sensory capability which refers to the human ability to 
see.  The human visual system has many key functional capabilities; Persad 
et al (2007) identified five visual functions as being required for most 
interactions with everyday products.  These are detailed in Table 2.2: 
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Table 2.2. Visual functions relevant to product design (definitions taken from 
Persad and Langdon, 2007a; MedilinePlus, 2009; Persad et al 2007) 
 
Visual function Description 
Visual acuity The ability to see fine details of objects such 
as text, graphics and symbols. 
Contrast sensitivity 
The ability to perceive the difference in 
brightness between a foreground colour and a 
background colour. 
Colour perception The ability to distinguish between different 
colours. 
Usable visual field 
The total area in which objects can be seen in 
the side (peripheral) while you focus your eyes 
on a central point. 
Stereopsis The ability to perceive depth and see three-
dimensionally. 
 
According to Persad et al (2007), visual acuity and contrast sensitivity are the 
two main visual functions that are most relevant for successful visual 
perception of products.  The same has been found by Owesley and Sloane 
(1987), who discuss in detail the visual functions required to perceive ‘real 
world’ targets.  The Owesley and Sloane paper concludes that contrast 
sensitivity is important in recognising and identifying large everyday visual 
targets such as road signs, faces and commonplace objects which include 
coffee mugs and lamps. For smaller everyday targets with a finer level of 
detail such as product symbols, markings, text, etc., acuity is then required.  
Being able to identify and recognise product characteristics such as text, 
symbols and product markings is essential if a person wishes to access 
and/or interact with a product.  Product characteristics such as these allow 
users to perceive, understand and navigate through product functions to 
achieve their goal.  Section 2.6 specifically focuses on identifying the 
environmental contextual factors which impact on visual acuity. 
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2.5. Dexterity functions  
Dexterity is classed as a physical/motor capability which refers to the ability to 
use one’s hands, or the ability to manipulate objects with the hands (Persad 
and Waller, 2007; Trombly and Scott, 1989).  The motor (and sensory) 
capabilities of the human hands are described in the ‘sensorimotor hand 
function model’ proposed by Jones and Lederman (2006) in Figure 2.3. 
 
 
Figure 2.3 The sensorimotor continuum of human hand function as proposed 
by Jones and Lederman (2006) 
 
Prehension refers to grasping or manipulating an object with the hand, and 
non-prehensile skilled movements cover actions such as pointing, pressing 
and gesturing (Jones and Lederman 2006; MacKenzie and Iberall 1994).  
These motor capabilities can be used to accomplish very fine precise tasks 
through to forceful gripping actions (Blair, 1999).  All of these motor 
capabilities require strength to some degree i.e. muscles in the human body 
(mainly arm and hand) are required to exert force in order for the hands to be 
able to use and operate various product attributes.  For example, pressing 
buttons on a keypad or activating a light switch requires force to be generated 
mainly from intrinsic hand muscles (muscles originating in the hand); securing 
an object in the hand such as a mobile phone or a remote control requires a 
grasping action which requires force to be generated from both intrinsic and 
extrinsic hand muscles (muscles originating in the forearm).  Thus, the term 
dexterity will be used throughout this thesis to refer to both prehension and 
non-prehensile skilled hand movements which require a degree of strength to 
perform. 
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Dexterity (prehension and non-prehensile skilled movements) can be 
categorised under three main functions in relation to product interaction, 
which are detailed in Table 2.3. 
 
Table 2.3. Dexterity functions (descriptions taken from Desrosiers et al, 1995; 
Flanagan and Johansson, 2002; Persad and Waller, 2007) 
 
Hand function Description 
Fine finger dexterity 
The ability to manipulate objects with the distal (fingertip) part of 
the hand - this involves precise movement of the fingers, e.g. 
writing, using a keypad/ pressing buttons, picking up a coin etc. 
Gross dexterity  
Refers to less refined and less precise movements of the arm, 
hand and fingers - the object is usually larger and manipulation 
requires more gross movements, e.g. drinking from a mug, 
placing a saucepan on the hob, retrieving a mobile phone from a 
bag/pocket etc.    
Grip strength 
The ability of the hand to generate opposing forces in order to 
grip/stabilise an object – the two main types of grips are pinch 
grip (maximal force that can be exerted between the index finger 
and thumb pulps) and power grip (maximal force a person can 
exert with their whole hand). 
 
The use of these dexterity functions in relation to product interaction are now 
considered.  Napier (1956) stated that “the majority of tasks that we do with 
our hands involve only two basic types of grip pattern; 1) the power grip and 
2) the pinch grip.”  This is also true for everyday products; Flanagan and 
Johansson (2002) stated that most everyday products require either a grasp 
(power grip) or pinch action (pinch grip) to stabilise them before and during 
use.  Persad and Waller (2007) also identified pinch and power grip as two of 
the most critical functions for product interaction.  Figures 2.4 and 2.5 
illustrate the use of power and pinch grip actions whilst interacting with 
products.     
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Everyday products that require stabilisation with either a pinch or power grip 
include wireless technological devices such as mobile communication 
devices, tablets, satellite navigation systems, mp3 players and digital 
cameras.  Other everyday products include cutlery, torches, flasks, keys, 
drinks bottles, maps, door handles, bus timetables, gardening secateurs, 
packaging, sliders, knobs etc.  Grip strength has also been identified as being 
crucial for the performance of both ADLs and IADLs; it is used to carry out the 
majority of these types of activities from when we wake up in the morning until 
we go to bed at night (Blair, 1999).  For example, from washing and dressing 
in the morning, preparing and eating food, DIY, sport and gardening, to 
washing and undressing in the evening  
 
The majority of these types of products then require users to input information 
using either a set of physical buttons or a touch sensitive screen.  This often 
involves precise movements of the fingers, which is known as fine finger 
dexterity.  Also, computing and communication devices that require fine 
manipulation are now embedded in all sorts of everyday products such as 
washing machines, dishwashers, televisions, ticket machines, remote controls 
and even jewellery (Benyon et al, 2005). Furthermore, there are numerous 
  
 
Figure 2.4 Interacting with a PDA 
using both power and pinch grips 
 
Figure 2.5 Grasping a key with 
a pinch grip  
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non-technological products which users are required to manipulate with their 
fingertips, e.g.  lamp switches, wrist-watches, writing with a pen, picking up a 
coin, inserting a SIM card etc.   Figures 2.6 and 2.7 illustrate the use of fine 
finger dexterity whilst interacting with these types of products. 
 
  
Figure 2.6. Inputting information into 
an i-phone 
Figure 2.7: Writing with a pen 
 
There is also gross dexterity which is required for such activities as retrieving 
a mobile phone from a bag/pocket, placing a sauce pan on a hob, drinking 
from a mug etc.  However, for the purposes of the research carried out within 
this thesis gross dexterity was not considered any further.  A decision was 
made to focus on determining how context of use affects older adults’ fine 
finger dexterity and grip strength.  Part of this decision was based on the 
availability of measuring equipment at Loughborough University.  Section 2.6 
will seek to identify which environmental contextual factors specifically impact 
on fine finger dexterity and grip strength (power and pinch).  
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2.6. Identification of relevant contextual factors 
This section focuses on identifying which of the environmental contextual 
factors detailed in section 2.2 are likely to impact on vision (visual acuity) and 
dexterity (fine finger and grip strength) when interacting with products.   
 
A review of environmental context of use and product interaction capability 
was conducted.  The review revealed that factors associated with the physical 
environment are likely to impact on vision and dexterity during product 
interaction.  More specifically, ambient illumination and glare were identified 
as the main environmental factors which can impact on the users visual ability 
when interacting with products (Persad and Langdon 2007a; Dalke et al, 
2010, 2012), and cold temperatures and vibration are factors that can affect 
dexterity (Persad and Waller, 2007).  Decrements in vision and dexterity as a 
result of these contextual factors have also been reported in past studies, see 
Chapter 1 section 1.6.    
 
The physical environment has also been reported as having a major effect on 
the everyday lives of older adults.  For instance, Iwarsson et al (2007) 
reported that older adults are far more likely to be affected by physical 
environmental conditions due to their reduced functional capabilities and that 
the physical environmental conditions have a strong influence over what older 
adults are able to achieve on a day to day basis.  This is because there are 
continuous and dynamic interactions between people and their surroundings 
that produce physiological strain on the person which can lead to direct 
effects on performance (Parsons, 2005a).   
 
Social environmental factors and their effects on product interaction were also 
explored.  Social environmental factors such as communication and 
distractions were reported as impacting on cognition (attention/mental 
working) (Langdon and Waller, 2007); however, the review did not identify any 
which impacted on vision or dexterity. 
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Sections 2.6.1 and 2.6.2 detail a review of vibration, cold temperatures, glare 
and ambient illumination and the likely effect they may have on product 
interaction    
2.6.1. Context and Dexterity  
Both vibration and cold temperatures have been identified as the physical 
environmental factors that can reduce dexterous capability (Persad and 
Waller, 2007; Riley and Cochran, 1984; Baker and Mansfield, 2010).   
2.6.1.1. Vibration 
Vibration is oscillatory motion (i.e. the movement back and forth about a 
central point) that can either be random in direction and frequency, or, 
relatively constant (sinusoidal) (Griffin, 1997; Sanders and McCormick, 1993).  
Vibration is mainly experienced in two different forms, these are: 
1. Whole-body vibration - the whole body is brought into vibration via 
the feet (if standing) or via a seat (if seated). It occurs mainly in 
transport (e.g. road, off-road, rail, air and marine transport) (Griffin, 
1997, Dul and Weerdmeester, 2001).  
2. Hand transmitted vibration - only affects hands and arms and often 
arises when using motorized hand-held tools (Dul and Weerdmeester, 
2001). 
 
Hand transmitted vibration is thus a characteristic of the product and not a 
factor caused by the physical environment; therefore it will not be considered 
further in this review.   
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Whole-body vibration has the greatest effect on the body’s output processes 
i.e. the ability to maintain hand control (Griffin, 1997).  In particular, it causes 
direct mechanical jostling of the hand causing unwanted movement which 
reduces hand and finger precision (Griffin, 1997).  This form of vibration also 
causes unwanted jostling of the display/product being viewed.  As a result, 
users make an increased number of errors when interacting with products that 
require fine manipulation; thus task performance becomes progressively 
reduced (Lewis and Griffin, 1978; Baker and Mansfield, 2010).  However, the 
effects of whole-body vibration can be minimised through stabilisation/bracing 
of the arm and/or hand (Baker and Mansfield, 2010).   
 
The use of everyday products whilst experiencing whole-body vibration (i.e. 
when travelling) has increased over the past decade as a result of advances 
in technology and the demands of a time-pressured culture.  There has been 
an increase in the proportion of people that utilise their travel time to perform 
tasks on portable computers, mobile phones or other wireless technological 
devices (Mansfield, 2005).  Devices such as these require a high level of fine 
finger dexterity, which has been shown to be significantly affected by vibration 
levels which could be experienced on public transport or in a car (Baker and 
Mansfield, 2010).   
2.6.1.2. Cold temperatures  
Cold is a subjective feeling of discomfort caused through a reduction in mean 
skin temperature.  For example, a mean skin temperature of 33.3°C gives a 
comfortable sensation; if mean skin temperature were to reduce by 2°C it 
gives the feeling of being uncomfortably cold (Sanders and McCormick, 
1993).  A reduction in mean skin temperature is caused through exposure to 
cold or relatively cold environmental temperatures.   
 
In the UK, cold temperatures are experienced annually for up 3-4 months at a 
time i.e. throughout the winter months (December, January and February).  
During this time temperatures across the country usually vary between -4°C to 
+8°C; however on average, mean temperatures lie around the 5°C mark (Met 
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Office, 2009), which is classed as ‘cold’ (Parsons, 2003).  According to 
Holmer (1994), there is a moderate risk that temperatures between 0-10°C 
will produce a physiological strain on the human body which will affect fine 
manual work and light work.   
 
When people are exposed to low temperatures (cold environments) they 
experience cold stress (general expression of the cooling power exerted by 
physical climatic factors on human body tissues) which produces 
physiological strain (the sequence of physiological responses evoked by the 
physical stress factors) on the human body (Holmer, 1994).  When people are 
in cold environments the temperature of their extremities (hands) reduces 
initially, caused by cold air coming into contact with the skin.  The reduction in 
hand skin temperature can occur when the hand is exposed to mildly cold 
temperatures such as 15–20°C (Dannen, 1997).  When the skin on the hands 
cools, it causes the blood flow to that area to decrease initially, which results 
in less heat being dispersed to that part of the body (Edwards and Burton, 
1959).  This cooling causes physical and chemical properties of fluids and 
tissues within the hand and arm to change (Holmer, 1994).  The human hands 
are controlled through the articulation at joints performed by muscles 
originating in the hand (intrinsic muscles) and by muscles originating in the 
forearm and upper arm (extrinsic muscles) (Tyldesley and Grieve, 2002).  It is 
the physiological changes to the joints and muscles within the hand and arm 
which thus cause reductions in dexterous performance (Havenith et al, 1995).  
In particular, the cold causes the synovial fluid which lubricates the joints to 
become more viscous, so that movements are slower and require greater 
muscle power (Heus et al, 1995).  Also, deeper cooling causes muscles to 
become cold which reduces muscle contraction velocity which leads to a 
reduction in the level of force that can be exerted (Holmer, 1994a; Havenith et 
al, 1995).  Thus, fine finger movements and gripping actions can be 
significantly affected by the physiological effects of the cold. 
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As outlined in section 2.6.1.1 advances in wireless information and 
communication technologies have meant that an increasing number of 
everyday products are being used whilst outside of the home environment.  
This includes such products as mobile phones, mp3 players, digital cameras, 
PDAs, satellite navigation systems, signature recording devices etc.  In 2009, 
Morris et al reported that products such as these have become part of the 
fabric of older adults’ everyday life.  However, it is not just technological 
devices that may be used whilst outside in cold conditions; products such as 
flasks, keys, drinks bottles, maps, bankcards, door handles, bus timetables, 
gardening products, packaging etc. are also used outdoors throughout the 
year. 
2.6.1.3. Dexterity summary 
This review highlights previous studies that have found both vibration and cold 
temperatures to have a significant negative effect on dexterity.  The extent to 
which each of these factors is experienced by older adults when interacting 
with everyday products is not known.  However, as the first study to 
investigate the impact on context of use on older adults’ dexterous capabilities 
the decision was made to focus on the effect of an everyday cold 
temperature.  Cold temperature as opposed to vibration was selected as: 1) it 
would appear from the review detailed in section 2.6.1 that cold temperatures 
have the potential to affect a wider range of everyday products; and 2) 
Loughborough University have thermal environmental chambers which can be 
readily used to simulate cold temperatures.  Based on this decision, a critical 
review of previous studies which have investigated the effects of cold 
temperatures on dexterity was conducted, see Chapter 2b section 2.9.    
2.6.2. Context and Vision  
Glare and ambient illumination have been identified as the physical 
environmental factors that are likely to have a significant effect on users’ 
visual ability when interacting with products.  The type of impact each of these 
factors may have on product interaction is discussed next.  
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2.6.2.1. Glare 
Glare refers to a situation where there are light levels, within the line of sight, 
that are relatively high compared with ambient light levels (Howarth, 2005).  
Relatively high light levels that create glare are generated by such things as 
the sun, spot lights, car headlights etc. Glare can be experienced directly 
(direct glare) i.e. when the bright light source is within the field of view, or 
through reflection (reflected glare) i.e. when a bright light is being reflected 
from a surface into the field of view (Sanders and McCormick, 1993).  Glare 
causes annoyance, discomfort, or loss in visual performance and visibility 
(Sanders and McCormick, 1993).   
 
There are two different classifications of glare:  
1. Discomfort glare - when high light levels cause a sensation of 
annoyance or pain around the eye and brow area (Howarth,2005; 
Sanders and McCormick, 1993).   
2. Disability glare - when high light levels interfere with visibility and 
ultimately reduce visual performance (Sanders and McCormick, 1993; 
Chartered Institute of Building Services, 1994). 
     
In relation to everyday products, glare can be caused either when the surface 
of a product reflects or emits light that is much brighter than the general 
brightness of the environment, or when there is a bright light source (e.g. the 
sun) within the user’s line of sight when viewing/interacting with a product.  An 
example of glare caused through sunlight reflecting off the surface of a 
product can be seen illustrated in Figure 2.8. 
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Figure 2.8. Glare on Automated Teller Machine (ATM) screen caused through 
bright sunlight3 
 
Glare is mainly an issue with products that are fixed in position with either 
reflective surfaces, or within the proximity of a bright direct light source.  For 
example, computer screens, TVs, walk up and use products such as ATMs, 
kiosks and interactive displays, when viewed at a certain angle related to the 
sun or a bright light source can result in glare.  The fixed position of such 
products means little can be done to avoid it.  However, in certain 
circumstances, where bright light is being reflected off the product surface, 
users may be able to block the bright light source using their body, thus 
temporarily eliminating the glare.  Within an indoor environment, such as the 
home, glare could potentially be eliminated through the repositioning of 
objects (products or artificial light sources), or through closing curtains/blinds.   
2.6.2.2. Ambient illumination 
Ambient illumination refers to the general light intensity of an environment, 
whether the lighting is natural or artificial.  Without any ambient illumination, 
the environment would be pitch black, and the human eye would not be able 
to see anything, as objects only become visible when they reflect or emit light 
(Hood and Finkelstein, 1986).   Thus, ambient illumination is a contextual 
factor that is present during all product interactions.  Dalke et al (2010) 
identifies ambient illumination as being a critical factor which affects the 
                                            
3 www.inclusivedesigntoolkit.com 
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perception of ‘real world’ objects; other factors include visual ability, contrast, 
dimension of object and viewing distance. 
 
Ambient illumination varies greatly throughout the day.  For example, on a 
bright sunny day, lighting levels can reach in excess of 100,000 lx (a measure 
of light intensity which refers to how many light rays fall onto a 1m2 area) and 
can drop as low as 0.001 lx at night under starlight; this is a difference of 108 
(Hood and Finkelstein, 1986).  Indoor ambient illumination levels can also 
vary greatly during daylight hours, as the majority of rooms are illuminated 
solely by natural light.  During evening and night-time the ambient illumination 
of homes is controlled by artificial lighting.   
 
The issue with varying levels of ambient illumination on product interaction is 
that the human eye automatically adjusts itself to changes in light intensity.  At 
low levels of illumination the eye loses its ability to perceive detail (visual 
acuity) and increases its ability to detect light.  However, when it gets bright 
the reverse happens, and the eyes can detect much finer detail (increase in 
visual acuity).   According to Hopkinson and Collins (1970) the human eye 
can detect detail around ten times as fine in daylight as it can at night under 
starlight.  A recent study by Dalke et al (2010) found that the visual acuity of 
people with visual impairments improved dramatically with an increasing light 
level when identifying signs and way finding information in the ‘real world’.  In 
practical terms, this means ambient illumination can significantly affect the 
time and effort required to perceive detail (Hopkinson and Collins, 1970).   
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The changes in visual acuity are due to the eyes’ physiological response to 
changing levels of ambient illumination.  When light enters the eye, the lens 
focuses it onto the retina, which consists of light receptor cells known as rods 
and cones.  
• Cones detect colour and detail which commonly function during the day 
as they are stimulated by high intensities of illumination; 
• Rods distinguish between different shades of grey and are very 
sensitive to light – they commonly function at night as stimulated by low 
intensities of illumination. 
 
The reason cone and rod vision is so different is because: 
• Cones are closely packed near the centre of the retina (known as the 
fovea); they are linked individually to the brain which creates a very 
detailed image; 
• Rods are located in the peripheral parts of the retina, less tightly 
packed and connect in groups to the brain so that resolution of detail is 
less precise. 
Thus, as it gets lighter (illumination intensity increases), more cones become 
stimulated, which results in the human eye being able to detect finer detail 
(Howarth and Bullimore, 2005). 
2.6.2.3. Vision summary 
Section 2.6.2 detailed the effects both glare and ambient illumination can 
have on visual ability, and discussed the products which are likely to be 
affected by such factors.  The ability to eliminate glare in a number of 
circumstances would suggest it may be most problematic in outdoor 
environments with products which are fixed in location e.g. ATMs, kiosks and 
displays.  Ambient illumination is a contextual factor that is present during all 
product interactions so has the potential to affect a broad range of product 
interactions.  However, the extent to which each of these factors affects older 
adults’ visual ability when viewing everyday products is not known. Again, as 
the first study to investigate the impact of context of use on older adults’ visual 
capability, the decision was made to focus on the impact of everyday ambient 
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illumination levels.  Ambient illumination levels as opposed to glare were 
selected as: 1) it would appear from the review detailed in section 2.6.2 that 
ambient illumination levels have the potential to affect a wider range of 
everyday products; and 2) Loughborough University have a range of lighting 
laboratories and lighting equipment which can be readily used to simulate a 
wide range of ambient illumination conditions.  Based on this decision, a 
critical review of previous studies which have investigated the effects of 
ambient illumination on visual acuity was conducted; see Chapter 2b section 
2.11.   
2.7. Conclusion 
Chapter 2a has provided a review of environmental context of use from the 
perspective of product interaction.  The aim of this chapter was to fulfil 
objective 1 which was to identify what aspects of environmental context of use 
are likely to have the most frequent impact on older adults’ product interaction 
capabilities.  The review of environmental context of use (section 2.2) 
identified over 20 specific contextual factors associated with either the 
physical or social environment that were deemed relevant to design.  An 
analysis of capability and product interaction revealed that the contextual 
factors which affect vision and dexterity are likely to have the most frequent 
impact on product interaction as these capabilities are most often used to 
complete the majority of tasks with everyday products.  The physical 
environmental factors glare and ambient illumination were identified as key 
contextual factors which can affect vision during product interaction, and 
vibration and cold temperatures were identified as the factors which could 
impact dexterity.  A further review identified the impact such factors can have 
on either dexterity or vision, and the types of products they are likely to have 
an impact on.  The extent to which each of these factors is: 1) experienced, 
and 2) affect older adults’ visual or dexterous capabilities whilst interacting 
with everyday products is not known.  However, a decision was made to 
investigate the effects of an everyday cold temperature and everyday ambient 
illumination levels; both factors have the potential to affect a broad range of 
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product interactions, and facilities at Loughborough University allow both 
factors to be simulated in an experimentally reliable way.  
 
From this review, it can be inferred that even though over 20 factors were 
identified as being part of environmental context of use, only a limited 
selection of these factors are likely to frequently impact on  product 
interaction.  In particular, the environmental contextual factors which impact 
vision and dexterity are the factors that are likely to have a frequent impact on 
overall product interaction.  Factors which impact on other capabilities, such 
as hearing, reach & stretch, locomotion and/or cognition are unlikely to have 
the same level of impact on interaction with everyday products as such 
capabilities are not required (or made demands on) as frequently to complete 
product tasks. 
 
This chapter has identified the environmental contextual factors which are 
likely to have a frequent impact on product interaction.  Chapter 2b will focus 
on establishing whether any older adult context capability exists in relation to 
these factors. 
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Chapter 2b: 
Context capability data review 
 
Research objective addressed in this chapter: 
 
Objective 2: Establish what context capability data currently exist, and 
where there are gaps in data, in relation to the identified 
environmental contextual factors. 
2.8. Introduction  
In Chapter 2a ambient illumination and cold temperatures were the two 
selected environmental contextual factors that will be further investigated as 
part of this thesis.  The objective of this chapter was to establish whether any 
capability data exists or studies have been published which quantify the 
effects of:  
1. Everyday ambient illumination levels on older adults’ visual acuity; 
2. Everyday cold temperatures on older adults’ fine finger dexterity, pinch 
and power grip. 
 
Prior to reviewing context capability data for both dexterity and vision, there 
was a need to establish what are typical everyday cold temperature and 
ambient illumination levels.  Establishing everyday cold temperature and 
ambient illumination levels helped to determine the relevance of the data 
under review, i.e. whether the context in which the capability data has been 
measured is representative of a typical everyday level(s).     
2.9. Dexterity in the cold 
In section 2.6.1.2, it was established that cold temperatures are experienced 
annually in the UK, usually between December and February.  Mean 
temperatures across the UK lie around the 5°C mark (Met Office, 2009).  An 
extensive search was conducted to determine whether any studies had 
investigated the effect such a cold temperature has on older adults’ dexterity.  
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The databases ‘Ergonomics abstracts’, ‘Science Direct’, ‘Loughborough 
University Institutional Repository’, ‘Loughborough University Library 
Catalogue’ and the search engine ‘Google Scholar’ were used for this search.  
The following key words/phrases were used: 
• “Older/elderly adults dexterity, cold” 
• “Older/elderly adults manual performance, cold” 
• “Older/elderly people, dexterity, cold”  
• “Ageing, dexterity, cold” 
• “Older/elderly, hands, performance, cold” 
• “Older/elderly adults manual performance, reduced ambient 
temperature”  
• “Older/elderly adults dexterity, ambient temperature”   
 
From this search, no studies were identified which directly investigated the 
effects of reduced ambient/cold temperatures on older adults’ fine finger 
dexterity or grip strength.  However, a number of studies have been published 
on 1) the effects of ageing on dexterity, and 2) the effects of reduced ambient 
temperatures on younger adults’ dexterous ability.       
 
The studies which had investigated the effects of ageing on older adults’ 
dexterity included:  
• Desrosiers et al (1995) carried out a survey to produce normative 
reference data on the fine finger capability of 360 healthy adults aged 
60 and over to help clinicians involved in rehabilitation services to 
better differentiate real dexterity deficits from those that may be 
attributed to normal ageing.  
• Pennathur et al (2003) conducted a study to quantify the manual 
dexterity of older Mexican adults (n=18, aged 63-85 years).  The study 
compared the fine finger capability of older adults to young adults 
(n=18, aged 21-32 years).  Results from the fine finger tasks showed 
that older adults performed significantly (p<0.001) slower and 
committed more errors before completing the set tasks compared to 
the young adults. 
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• Burke et al (1953) collected grip strength and grip strength endurance 
data from 311 male subjects (aged 12-79 years).  Findings from the 
study showed that both grip strength and grip strength endurance 
deteriorate with age; from 25 years there is a gradual decrease in both 
measures up to 75 years.  The study also found that the maximal grip 
strength and grip strength endurance of the 75-79 year old age group 
was approximately equal to that of a 12-15 year age group.   
 
Further studies include Mathiowetz et al 1985, Jebsen et al. 1969; Czaja, 
1983; Martin et al 1988 and; Amrijani et al, 2007. All of these studies either 
report a significant reduction in a certain type of dexterity as a result of 
ageing, or, increased dexterous disability with age.  Whilst understanding 
older adults’ dexterous capability is important, such studies do not provide any 
insight into the effects cold temperatures may impact on older adults’ already 
reduced capability.  The literature review did reveal a number of published 
studies which do quantify the effects of cold temperatures on dexterity; 
however, younger adults are the focus of such studies.  For example:  
• Riley and Cochran (1984) found that after approximately 55 minutes of 
whole body exposure to an ambient temperature of 1.7°C, younger 
adults’  (n=70, mean age = 25years) fine finger dexterity decreased by 
an average of 15.7% when compared with performance at 23.9°C.  As 
part of the study all participants wore jeans, a long sleeved shirt, socks, 
shoes and normal undergarments. 
• Schieffer et al (1984) found that the fine finger dexterous capability of 
South African factory workers (n=100, mean age = 31 years) 
decreased by an average of 20% when exposed to 6°C for 7 hours 
compared to performance at 24°C.   
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• Daanen (2009) investigated manual performance deterioration in the 
cold.  A total of 12 healthy males (mean age = 27 years) from the Royal 
Netherlands Air Force were exposed to 0°C, -10°C and -20°C whilst 
wearing standard winter clothing and gloves.  Participants only 
removed their gloves to perform the fine finger tasks.  Results showed 
that fine finger dexterity decreased by 12% after 25 minutes exposure 
to -20°C and the cold had least influence on grip strength (3% 
reduction after 30 minutes exposure to -10°C). 
• Vincent and Tipton (1998) investigated the effects of cold water 
immersion (5°C) on male adults’ grip strength.  Each participant’s hand 
and forearm was exposed to a series of five intermittent 2 minute cold 
water (5°C) immersions.  Findings showed that grip strength decreased 
significantly (p<0.01) by 16% following these immersions.  
• Holewijn and Heus (1992) investigated the effects 30 minutes of 
forearm cooling (15°C water) and warming (40°C water) had on 
maximal gripping force (n=9, age 18-24 years).  Results from the study 
showed in contrast to warming, cooling resulted in a significant 
(p<0.05) decrease of 20% in maximal gripping force. 
 
The studies detailed are those that are deemed most relevant to the effects of 
everyday cold temperatures on fine finger dexterity and grip strength; other 
studies include Dusek, 1953; Teichner, 1957; Clark and Cohen, 1960; Clark 
1961, Clark and Jones 1962; McCleary, 1993; Geng, 2001.  The focus of 
these studies is similar to those already reported; in particular, they either 
focus on:  
1. The effects of extreme cold temperatures on the dexterous ability 
(productivity) of specific industry or military groups that are required to 
work in such conditions, or 
2. The relationship between reduced skin and/or muscle temperature and 
dexterous ability.   
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All of the aforementioned studies detail a significant reduction in fine finger 
dexterity or grip strength as a result of either reduced ambient temperature, or 
reduced skin/muscle temperature, thus, indicating that an everyday cold 
temperature has the potential to reduce older adults’ dexterous capabilities.  
Such reductions in capability could change the way dexterous capability is 
mapped across the ageing population, resulting in designers having to 
broaden the limits of their designs in order to ensure the desired level of 
inclusion can be achieved in the real world.      
 
Data from these reviewed studies could be extrapolated to determine the 
likely effects of cold temperatures on older adults’ dexterity.  For example, 
Riley and Cochran (1984) found that younger adults’ fine finger dexterity 
decreased by an average of 15.7% when exposed to 1.7°C (3.3°C lower than 
the average UK winter temperatures) for 55 minutes.  Desrosiers et al (1995) 
produced normative reference data on the fine finger capability of people 
aged +60 years.  Thus, a 15.7% reduction could be made to the normative 
reference data to indicate the likely effect of cold temperatures on dexterity.  
However, older adults tolerate the cold differently to younger adults due to the 
morphological changes caused through the ageing process (Smolander, 
2002).   In particular, older adults are less able to maintain core body 
temperature as a result of reduced cutaneous thermal sensitivity and a slower 
vasoconstrictor response (i.e. thickening of blood vessels which restricts 
blood flow to the bodies’ extremities in order to maintain core body 
temperature) (Smolander, 2002).   Thus, it could be questioned whether 
reductions in older adults’ strength (caused through a decrease in muscle 
mass and muscle fibre length) mean the physiological effects of the cold 
(viscous synovial fluid and reduced muscle contraction velocity) have a more 
pronounced effect on their dexterity.  
 
In summary, findings from this review have revealed that:  
• Normative data on older adults’ dexterous capabilities exist; 
• There appear to be no published studies on the effects of reduced 
ambient temperature on older adults’ dexterity; 
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• Reduced ambient temperature/skin temperature has been shown to 
have a significant effect on the dexterous ability (fine finger and 
gripping actions) of young healthy adults;  
• Older adults tolerate cold differently to younger adults so existing data 
cannot be extrapolated to determine the effects of everyday cold 
temperatures on older adult dexterity. 
2.9.1. Dexterity in the cold research question 
Based on these findings, the following key Research Question (RQ) has been 
generated: 
RQ1 To what extent will an everyday cold temperature of 5°C affect the fine 
finger dexterity and the grip strength of older adults?  
 
This research question will be addressed by Study 1 in Chapter 4.  By 
addressing this research question objective 4 will be achieved (i.e. conduct 
statistical analysis on the data to determine the extent to which the 
environmental context of use affects older adults’ product interaction 
capabilities) for the dexterity element of this research.   
2.10. Visual acuity and ambient illumination 
This section will initially focus on defining the typical everyday environments 
and illumination levels relevant to product interaction.  A review of past 
studies which have investigated the impact such ambient illumination levels 
have on visual acuity is then detailed.    
 
When considering everyday environments where product interaction 
frequently takes place, both the home and outside environment need to be 
considered.  As today’s baby boomer generation promises to be different from 
previous elder generations, they expect great things from design and 
technology.  In particular, wireless information and communication 
technologies have become part of the fabric of their everyday life (Morris et al, 
2009).  These advancements have allowed for the use of more everyday 
products when out of a controlled home environment.  Thus, the levels of 
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ambient illumination experienced both inside and outside the home are of 
relevance.    
 
Further consideration needs to be given to the ambient illumination levels 
typically experienced in these environments, as they can vary greatly as a 
result of time of day and weather conditions.  For instance, ambient 
illumination experienced outside on a bright summer’s day can typically reach 
in excess of 100,000 lx (Department of Scientific and Industrial Research, 
1935); however, on an overcast winters day illumination can typically be 
between 6000-10,000 lx (Department of Scientific and Industrial Research, 
1935).  As previously established in Chapter 2a section 2.6.2.2, a negative 
relationship exists between ambient illumination and visual acuity i.e. as the 
level of ambient illumination decreases, so does visual acuity.  Therefore, in 
order to support the development of products that are practical and inclusive 
in real world contexts of use, there is a need to consider the typical ambient 
illumination levels experienced in conditions where it is lowest (i.e. the 
everyday worst case scenario), e.g. overcast day.   
 
For the purposes of this review, extreme conditions, such as at night under 
star light, were considered, but deemed irrelevant, as extreme conditions are 
experienced infrequently, thus not a typical everyday environmental condition 
that people are exposed to.  Also, developing products for such conditions 
would result in them being over engineered for the majority of everyday use.  
2.10.1.  Outside daytime 
An extensive study conducted by the Department of Scientific and Industrial 
Research (1935) measured the average monthly variations in daylight 
illumination from the whole sky between 9am and 3pm, over a 10 year period 
(1923-1933).  Findings from the study showed that average illumination 
experienced in late autumn, winter and early spring, between 9am and 3pm, 
is not far from 5973 lx; at 12 noon the average illumination can be between 
8600lx - 9700lx.  Based on the figures presented in this study, it would appear 
that the lowest typical level of daylight illumination is experienced when the 
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sky is overcast during late autumn, winter and the early spring months at 9am 
in the morning or 3am in the afternoon.  Thus, an ambient illumination level 
‘not far from’ 5973 lx would appear to representative of the lowest typical 
intensity of daylight experienced outside during the day. 
2.10.2. Outside at night 
At night, when only the moon and stars provide illumination, lighting levels can 
drop as low as 0.001 lx (Hopkinson and Collins, 1970).  Public places, roads 
and footpaths are generally illuminated by artificial lighting (street lights) at 
night.  The level of illumination provided by street lights is dependent upon the 
category of road user or the type of road area.  British Standards Institution 
(2003a), details the illumination requirements for such areas using a lighting 
class system.  The lighting classes used are detailed in Table 2.4. 
 
Table 2.4. Class S lighting levels (British Standards Institution, 2003a) 
 
Lighting class S Average illumination at 
ground level (lx) 
S1 15 
S2 10 
S3 7.5 
S4 5 
S5 3 
S6 2 
S7 Performance not specified 
 
Regional councils (Leicestershire, Derbyshire, Nottinghamshire and 
Staffordshire) were contacted to determine which class of lighting is used to 
illuminate the majority of pedestrian areas in these counties.  Each of the 
regional councils stated that class S3 (average horizontal illumination at 
ground level is 7.5 lx) is the most common form of lighting used in these 
counties.  Therefore, 7.5 lx would appear to be representative value of the 
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lowest level of ambient illumination typically experienced outside at night 
under street lighting. 
2.10.3. In-house lighting 
The level of illumination experienced inside a house can also vary greatly in a 
typical day.  During daytime, the level of illumination experienced is 
dependent on the amount of natural daylight entering a room through a 
window.  Guidance on the amount of natural light entering through a window 
is given by The Chartered Institute of Building Services Engineers (CIBSE) 
Code for Interior Lighting (1994) who is the standard setter and authority on 
building services engineering.  The code states that the average daylight 
factor for interiors should be not less than 5% (i.e. the percentage of natural 
daylight entering a room through a window).  Thus, the minimum level of 
ambient illumination experienced inside a house during daytime would be 
approximately 300 lx (i.e. 5% of 6000 lx, which is a typical level of ambient 
illumination experienced on an overcast day during late autumn, winter and 
early spring).  
 
At night, the level of ambient illumination experienced inside a house is 
dependent on the intensity of the artificial lights used.  Currently, there are no 
standards that govern the intensity of lights fitted/used within private 
dwellings.  However, there is guidance for residential accommodation that 
houses elderly and disabled people which is provided by CIBSE (1994).  The 
guideline illumination levels for such residential accommodation are detailed 
in Table 2.5. 
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Table 2.5. Guideline illumination levels for elderly and disabled residential 
accommodation (CIBSE, 1994) 
 
Area Standard maintained 
illuminance (lx) 
Entrance lobbies 200 
Lounges 150 
Kitchens 150-300 
Bedrooms 100 
Bathrooms 150 
Toilets 100 
 
It can be seen from Table 2.5 that the recommended illumination levels range 
from 100 lx – 300 lx, and the level depends on the room type.  All of the 
values detailed in Table 2.5, apart from the maximum illumination level for 
kitchens, are lower than what would be experienced during the daytime.  
Thus, the ambient illumination present at night in residential accommodation 
is lower than that experienced during the day.  The question arising from this 
is which room lighting level(s) is of greatest relevance to product interaction?   
 
In relation to the home environment, it is access to products which are used to 
carry out Activities of Daily Living (ADL) and certain Instrumental Activities of 
Daily Living (IADL) which are of greatest relevance to maintaining 
independence.  ADLs are self-care activities such as eating, bathing, 
dressing, toileting, transferring (walking) and continence (Roehrig, 2007).  
IADLs are activities which enable people to live independently in the 
community; with regards to the home environment those relevant include 
ability to use a phone, food preparation, housekeeping and laundry (Bookman 
et al, 2007).  Such activities are typically carried out either in the kitchen, 
lounge or bathroom where the standard minimum maintained illumination is 
the same i.e. 150 lx.  Thus, 150 lx would appear to be the minimum 
recommended level of ambient illumination under in-house conditions where 
product interaction frequently takes place.  It is acknowledged that individuals 
may use additional lamps or task lighting for specific activities to boost 
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illumination levels in such environments.  However, CIBSE (1994) does not 
recommend the provision of such light sources in residential accommodation 
that houses elderly and disabled.  Carp (1991) states that a lack of such 
options for many elderly people compromises their ability to maximise the 
person-environment fit. 
2.10.4. Everyday levels of ambient illumination 
Based on this review, three typical everyday (worst-case) low levels of 
ambient illumination, deemed relevant to product interaction, were identified; 
see Table 2.6. 
 
Table 2.6 Everyday levels of ambient illumination 
 
Context Illumination level 
(lx) 
Outside during the day 6000 
In-house at night 150 
Outside at night 7.5 
 
The following section details the findings from the review of previous studies 
that have investigated the effects of ambient illumination levels on the visual 
acuity of older adults.   
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2.11. Visual acuity context capability data review 
A number of authors (Weston, 1949; Fortuin, 1948; Bodmann, 1962; Tinker, 
1963; Weale, 1963) agree that older people do not see as well as younger 
people and older people benefit more from higher levels of illumination.  The 
reason for this is due to the anatomical and physiological changes that occur 
to the eyes as a result of the ageing process.  In particular, it is the changes 
which occur to the pupils, lens and the rods in the retina which cause reduced 
visual ability, especially at low illumination levels.  According to Weale (1968), 
the changes are such that the retina of a 60 year old eye receives only about 
one third of the light which it received at the age of 20.  The changes and the 
effects of ageing on the human eye are summarised in Table 2.7. 
 
An extensive review was conducted to determine whether there were any 
studies that had investigated and quantified the effects of everyday ambient 
illumination levels on older adults’ visual acuity.  The databases ‘Ergonomics 
Abstracts’, ‘Science Direct’, ‘Loughborough University Institutional 
Repository’, ‘Loughborough University Library Catalogue’ and the search 
engine ‘Google Scholar’ were used for this search.  The following key 
words/phrases were used: 
• “Light, vision and ageing” 
• “Illumination, vision and ageing” 
• “Environmental lighting, vision and ageing” 
• “Age and illumination” 
• “Illumination and visual performance” 
• “Older/elderly adult visual acuity” 
• “Older/elderly adult visual performance” 
 
The search revealed a range of studies which were of relevance.  The studies 
fell into one of two categories; 1) Older adults’ visual acuity (section 2.11.1), 
or 2) the effect of illumination on older adults’ visual performance (section 
2.11.2).  The studies identified were from a range of different research fields, 
which included Vision and Lighting, Displays, Ophthalmology, Gerontology 
and Ergonomics/Human Factors.   
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Table 2.7. Anatomical and physiological changes that occur to the eyes as a 
result of the ageing process 
 
Eye part Ageing changes Effect on vision 
Pupil The muscles which control the 
diameter of the pupils gradually 
become less effective and waste 
away with age.  As a result, the 
pupil becomes smaller and its 
ability to dilate diminishes. 
Less light enters the eye and thus 
reaches the retina, meaning fewer 
cones/rods become stimulated 
resulting in reduced visual ability, 
especially at low illumination levels 
where the pupils need to be fully 
dilated to let as much light in as 
possible (Weale, 1963; Sanders and 
McCormick, 1993). 
Lens Layers are continually added to 
the outer part of the lens 
throughout life.  Cells at the 
centre of the lens gradually 
become less effective as they 
harden and become opaque.   
1. Objects have to be viewed at a 
greater distance as the lens 
cannot conform to the shape 
necessary to focus close objects 
on the retina (Sanders and 
McCormick, 1993; Bron et al, 
2000). 
2. There is an increased scattering 
of light within the eye which 
creates a veiling luminance over 
the retinal image, reducing its 
contrast and blurring the image.  
This reduction in visual acuity 
cannot be corrected by glasses 
(Sanders and McCormick, 1993).    
3. Increased lens opacity means less 
light gets filtered through it, 
resulting in less light reaching the 
retina, meaning fewer cones/ rods 
get stimulated resulting in a 
reduced ability to distinguish detail 
(Bron et al, 2000).  
 The lens yellows as it thickens 
(lenticular yellowing). 
Reduces the absorption of long wave 
lengths of light, thus narrowing of the 
spectral (colour) range.  In particular, 
elderly people make more errors in 
the blue-green and red regions 
(Weston 1962, Boyce, 1981). 
Rods The rods in the retina take longer 
to reach their maximum sensitivity 
in low levels of illumination. This 
is caused by delayed 
regeneration of the chemical 
within the rods (rhodopsin).  
There is a dramatic slowing in the 
eye’s ability to adapt to the dark 
meaning objects are difficult to 
recognise at low illumination levels.   
 (Jackson et al, 1999). 
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2.11.1. Older adults’ visual acuity     
Adrian (1995) reviewed four studies which had investigated ageing and visual 
acuity.  From the review it was concluded that a 75 year old reaches only 60% 
of the visual acuity of a 20 year old.  Klein et al (1996) conducted a study 
which measured changes in adults’ visual acuity over a 5-year period.  The 
study found that the number of letters read correctly by people aged between 
43-54 years decreased on average by 0.4 letters over the 5 year period.  
However, for people aged +75 years at baseline, the number of letters read 
correctly decreased on average by 5.2 over the 5 year period.  The study 
indicates that visual acuity loss increases rapidly with age, especially when 75 
years and over.  Hirvelä et al (1995), measured the distance (6m) corrected 
visual acuity of 476 adults aged +70 years in Finland. Findings from the study 
showed that visual acuity varied greatly from 20/20 (‘normal’ visual ability) to 
20/500 (extreme visual impairment). 
  
The data presented within Adrian (1995) and Klein et al’s (1996) studies 
provide a valuable insight into the extent to which ageing affects visual acuity.  
However, little else can be gleaned from such studies.  The data presented by 
Hirvelä et al (1995) is of most relevance, as it provides accurate and relevant 
data on the target users. Having accurate and relevant data was highlighted in 
Chapter 1 (section 1.4.1) as being one of the key factors that would aid 
designers in adopting an inclusive approach (Gyi et al, 2000).  The main 
limitations with this data are that it refers to distance visual acuity (6m) and 
products generally make demands on the short sighted capability (near vision) 
of users.  A person’s near and distance vision can vary significantly due to 
refractive error i.e. short sightedness, long sightedness and astigmatisms, 
which generally affect one type of vision or the other.  Thus, the application of 
this data to the design of everyday products would not be appropriate.    
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A few studies have been conducted which investigate factors relating to font 
size (pt) and ageing.  Kong et al (2011) investigated the effects of age on the 
minimum legible letter height of Korean characters.  The study found that the 
younger age group (10 people in their 20s) could read letters approximately 
two times smaller than those in the older group (10 people in their 60s) at a 
50cm viewing distance.  In particular, the minimum letter size the younger age 
group could read with 100% correctness was 6.4pt, whereas for the older age 
group it was 11.1pt.  Findings from this study indicate that the near acuity of 
older adults is only about 50% of that of younger adults.  However, the 
potential for generalising the results of this study is limited.  Only ten elderly 
participants took part, all of whom were in their 60s.  The experiment was 
conducted at a fixed illumination level of 450 lx, which is not typical of the low 
illumination levels identified in section 2.10.  Also, Korean characters have 
different characteristics from UK alphabet characters, thus the targets used 
may be harder or easier to distinguish, so the extrapolation of such data 
would not be valid. 
 
A UK study conducted by Darroch et al (2005) investigated the effect of age 
and Sans Serif font size (pt) on reading text on hand-held computers.  A total 
of 24 participants were recruited for the study, which consisted of 12 people in 
the young group (18-29 years), and 12 in the older adults group (61-78 years).  
The results from the study showed that varying font size had no significant 
effect on reading performance (accuracy and time) between the two groups.  
However, 4pt font posed no problems for the younger age group, whereas for 
the older age group it was from 6pt upwards.  The most relevant aspect of this 
study was that it investigated older adults’ visual ability with a real world 
product at a hand-held viewing distance.  Unfortunately, the illumination level 
which the experiment was conducted under was not reported; the paper only 
stated that “participants sat in a usability lab which was illuminated by 
overhead fluorescent lights.”  Also, the results from Darroch et al’s (2005) 
study are vastly in contrast to those of Kong et al (2011), who found younger 
adults could distinguish fonts about half the pt size of older adults.  So, there 
appears to be a lack of consistency with the results from such studies.   
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Also, findings from Darroch et al (2005) would support the previous point 
made regarding the extrapolation of data from Kong et al (2011) being not 
valid.   
 
In summary, results from the aforementioned studies provide a valuable 
insight into a) the variability of older adults’ visual acuity capabilities, and b) 
their reduced visual ability.  However, there are two major limitations with the 
use of such data for the purposes of this research; they are:  
1) Visual acuity has been measured at a specific illumination level in 
all studies; the illumination levels used bear little resemblance to 
typical everyday ambient illumination levels previously identified in 
section 2.10.  
2) Distance visual acuity has been measured in a selection of studies 
as opposed to near visual acuity – differences in distance and near 
visual acuity exist due to factors such as refractive error. 
 
Also, these studies do not provide any insight into the extent to which older 
adults’ visual acuity capabilities may vary due to changes in ambient 
illumination.   However, the literature review did reveal a number of studies 
which had investigated the effect of illumination on older adults’ visual 
performance.  These studies are discussed next.         
2.11.2. The effect of illumination on older adults’ visual performance 
Visual performance refers to the quantitative assessment of the performance 
of a visual task, taking into consideration speed and accuracy.  Initial studies 
into visual performance and illumination focused on the level of illumination 
needed to optimise visual performance for set inspection tasks.  The main 
studies were by Weston (1945, 1949 and 1961) and Bodmann (1962, 1967).  
It was the investigations by Bodmann (1962, 1967) which focused on the 
relationship between illumination, visual performance and age.  Findings from 
these studies revealed that visual performance for young adults (n=48, 20 to 
30 years) increased with illumination up to 1000 lx (300 cd/m2); after this point 
diminishing returns applies.   
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Weston (1945) also found this, although Weston considered slightly older 
adults in his sample (i.e. 20-42 years).  However, the same was not found for 
the older age group (n=10, 50-60 years), whose performance did not show 
such a pronounced reduction after a 1000 lx (300 cd/m2).  The results from 
this investigation are illustrated in Figure 2.9. 
 
 
 
Figure 2.9 Relationship between visual performance and luminance 
(Bodmann,1967 as reported in Hopkinson and Collins, 1970)   
 
The investigations by Bodmann (1962, 1967) showed that:  
• The older age group clearly benefited from higher levels of illumination; 
• Illumination cannot increase older adults’ visual ability to that of 
younger adults; 
• Low illumination levels can have a major effect on older adults’ visual 
performance. 
 
  
(50-65yrs) 
(20-30yrs) 
(20-30yrs) 
(20-30yrs) 
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Further studies which support these findings include the following: 
Smith and Rea (1978), investigated proof reading under four different levels of 
illumination (10.76 lx, 107.6 lx, 1076 lx and approx 7500 lx) with young adults 
(n=4, 18-22 years) and older adults (n=4, 49-62 years) adults.  Findings 
showed that older adults were affected to a greater extent by low illumination 
levels and increased illumination had a stronger effect on their visual ability.  
However, caution needs to be given to the generalisation of these results as 
there were only four older adults; the oldest being 62 years.  Davis and Garza 
(2002) investigated the impact of lighting (54 lx, 323 lx and 1290 lx) on elderly 
(n=17, 62-76 years) people’s reading performance and preference.  The study 
results showed that scores consistently improved with increased illumination.  
Charness and Dijkstra (1999) conducted field studies in homes, offices, and 
public places with younger and older adults to determine how legibility 
performance (in a proofreading and phone book search task) changed with 
age and luminance.  The study found that performance not only declined with 
age but also with lower lighting levels.  One of the interesting findings from 
this study was that added light helped both younger and older adults equally 
for most legibility tasks (i.e. in homes and public places).  However, based on 
the mean luminance data presented for day and night-time conditions in 
homes, there would appear to be only a slight difference in illumination 
between the two conditions i.e. approximately 23 lx (luminance was converted 
to lx based on a mean 50% reflectance value).  In comparison to other 
reported studies, this is a relatively small difference in ambient illumination. 
 
There are also further published studies (Blackwell and Blackwell, 1971; 
Boyce, 1973; Sorensen and Brunnstrom, 1995; Boyce, 2003) which report on 
the effects of illumination on older adults’ visual performance.  However, the 
primary focus of all such studies is to determine either the extent to which 
different types and/or levels of illumination affect older adults’ visual 
performance, or the optimum lighting for a given task or environment.  What 
these studies fail to do is quantify older adults’ visual acuity capabilities at the 
varying levels of ambient illumination as the visual target in each study 
remains constant.  However, such studies have proven illumination to have a 
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significant effect on older adult’s visual performance; results have shown that 
low illumination levels are likely to have the greatest impact.  In relation to 
Benktzon’s (1993) user pyramid (Figure 1.2), such results would suggest that 
illumination levels, in particular low illumination levels, have the potential to 
dramatically change the proportionate spread of visual ability across the 
ageing population i.e. dramatically shifting people up the pyramid.  If this is 
the case, the design limits will significantly change, but also a ‘top-down’ 
design approach may need to be adopted by designers to ensure the visual 
characteristics of the product prove to be inclusive during real world use. 
  
Overall, findings from this review have revealed that data on older adult’s 
visual ability does exist.  However, studies appear to fall into two main 
categories, they either: 
1. Measure visual acuity at a specific illumination level, 
2. Focus on the effect illumination has on visual performance in order to 
determine the optimum level of illumination for a given visual task. 
What these studies do not provide are detailed data on the functional visual 
acuity of older adults either at a viewing distance relevant to product 
interaction, or at an ambient illumination level(s) typical of an everyday 
environment.   
2.11.3. Vision and ambient illumination research questions 
Findings from this review have raised two key research questions (RQ) which 
are:  
RQ2 What are older adults’ visual acuity capabilities under typical 
everyday ambient illumination levels? 
RQ3 To what extent do everyday ambient illumination levels affect 
older adults’ visual acuity? 
These research questions will be addressed by Study 2 in Chapter 5.  By 
addressing these research questions objective 4 will be achieved (i.e. conduct 
statistical analysis on the data to determine the extent to which the 
environmental context of use affects older adults’ product interaction 
capabilities) for the vision element of this research.   
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2.12. Conclusion 
This literature review set out to achieve objective 2:  
 
Objective 2: Establish what context capability data currently exist, and 
where there are gaps in data, in relation to the identified 
environmental contextual factors. 
 
From the review detailed within Chapter 2b, it can be concluded that:  
• There appear to be no published studies on either the effects of cold 
temperature on older adults’ dexterous ability, or ambient illumination 
on older adults’ visual acuity. 
• Reduced ambient and skin temperature has been shown to have a 
significant effect on the dexterous ability (fine finger and gripping 
actions) of young healthy adults; however, older adults tolerate cold 
differently so the data cannot be extrapolated to them. 
• Low ambient illumination levels can have a major effect on older adults’ 
visual performance i.e. the speed and accuracy which they can identify 
targets; however, no studies to date have investigated older adults’ 
functional visual acuity either at a viewing distance relevant to product 
interaction, or at an ambient illumination level(s) relevant to everyday 
environments.   
 
Review findings from Chapter 2b have raised three key Research Questions 
(RQ):  
RQ1 To what extent will an everyday cold temperature of 5°C affect the fine 
finger dexterity and the grip strength of older adults?  
RQ2 What are older adults’ visual acuity capabilities under different 
everyday ambient illumination levels? 
RQ3 To what extent do everyday ambient illumination levels affect older 
adults’ visual acuity? 
RQ1 focuses on dexterity in the cold and will be answered in Study 1 Chapter 
4c; RQs 2 and 3 address visual acuity and ambient illumination and will be 
answered in Study 2 Chapter 5c.
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Chapter 3: 
3. Gathering context capability data 
3.1. Introduction 
In Chapter 2b it was established that there is a need to obtain a measure of 
older adults’ visual and dexterous capabilities in a range of everyday 
environmental conditions.  Detailed within this chapter is a review of the 
primary methods, strategies and techniques for gathering accurate context 
capability data.  According to Drury (2005), consideration of these 
methodological factors provides an orderly way in which the research 
questions can be turned into a designed ergonomics study. 
 
The generation of context capability data is only one aspect of this research; 
the translation of this data into a suitable form for designers is the other.  The 
development of the design resource is also an important methodological 
aspect which this thesis addresses.  However, a review of design approaches 
is given in Chapter 6a since the research methodologies and approaches 
employed differ greatly from the scientific experimental procedures involved 
with data collection.  Furthermore, much of the characteristics of the design 
resource are dependent on the results of the capability studies detailed in 
Chapters 4c and 5c. 
3.2. Techniques used to measure capability 
The central phenomenon of concern in this methodological review is gathering 
accurate, reliable and valid context capability data so that it is applicable to 
product interaction in everyday environments.  Capability data can be 
gathered using a number of different methods, which include the following 
measures:   
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• Self report measures: When an individual subjectively rates their own 
ability against a number of questions or rating scales (Johnson et al, 
2009); 
• Proxy measures: When another (authorised) person is asked to 
provide capability information for an individual who is not able to do so 
(Johnson et al, 2009);  
• Objective performance measure:  When an individual’s ability is 
measured using a task.  Tasks can be measured by speed, accuracy, 
strength etc. (Drury, 2005; Johnson et al, 2009). 
 
The use of these measures in the measurement of capability to facilitate 
inclusive design has been extensively reviewed by Johnson et al (2009).   In 
this seminal paper, Johnson et al (2009) concludes that:  
 
1. Self-report measures can potentially provide access to physiological, 
environmental, cultural and attitudinal components of capability.  
However, it can be significantly affected by a number of factors such as 
a person’s affective state, their educational, cultural, language and 
social differences and the participant’s own judgements. 
 
2. Proxy report measures are beneficial when individuals have insufficient 
capability to complete a survey. This method has been shown not to be 
as accurate as self-report among older people.  
 
3. Objective performance measures have been found to be good at 
assessing functional ability, or capacity to perform a particular task.  
They have been argued as being more reliable, more sensitive to 
change and more able to accurately measure ability at higher levels.  
Performance measures are also more likely to reflect physiological 
aspects of capability.  They also have the advantage of providing direct 
measures of human response (Parsons, 2005a). 
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Whilst all of these methods have their advantages and disadvantages, the key 
focus of this research was to measure the response of older adults’ human 
capabilities to everyday environmental conditions.   Objective performance 
measures appear to be most suited to this.  In particular, such methods have 
been found to be accurate, reliable and have the ability to reflect physiological 
changes in capability.  To this end, utilising performance measures will 
therefore allow the effects of everyday environmental conditions to be 
quantified reliably, thus addressing the research questions posed in Chapter 
2b (RQ1 to RQ3).  
3.2.1. Granularity of objective performance measures 
A further consideration in using objective performance measures is the 
granularity of the measurements used (Johnson et al, 2009; Tenneti, et al, 
2011).  Johnson et al (2009), identifies three levels of measures: 
• Component function – e.g. measuring vision using an eye test or 
dexterity with a pegboard etc. 
• Broad activities - e.g. replying to a SMS message, vacuuming a room, 
using an iron etc. 
• Specific tasks – e.g. reading the LCD display on a phone, fastening a 
button, opening a jar etc. 
 
The main distinction between activities and tasks is that activities measure 
people’s overall ability to interact with a product, as activities often require the 
use of multiple capabilities.  For example, replying to a text message requires 
cognition, vision and dexterity.  However for tasks, the focus is on completion 
of a specific action, which often requires the use of just one type of capability 
for it to be completed.  For example, reading an LCD on a phone 
predominantly requires vision. 
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The main factor that was considered in selecting the appropriate granularity of 
measurement for the vision and dexterity studies detailed within this thesis 
(Chapters 4b and 5b) was, which measure(s) identified by Johnson et al 
(2009) would provide the most accurate and generalisable measure of 
capability.  Johnson et al (2009) does not make any conclusions regarding the 
appropriate granularity of measurement for predicting capability across the 
board. However, the specific relationships shown in the study between the 
measures employed and capability are discussed.   
 
Johnson et al (2009) argues that task performance measures provide detailed 
data on product interaction ability and thus are more directly relevant to 
designers compared to the data gathered from activity measures.  Tenneti et 
al (2011) also states that task performance measures provide the highest 
level of granularity in relation to capability measures with products.   
Conversely, component function measures provide a more reliable measure 
of capability overall (Johnson et al, 2009).  Based on these findings, in the 
current research, a combination of component functions and specific tasks 
were chosen to measure the impact of everyday environmental conditions on 
vision and dexterity.  The combination of component function and task 
measures were expected to provide a means of gathering capability data that 
is reliable, valid and relevant to designers.  The specific measures which were 
selected to measure the dependent variables - dexterity (fine finger power and 
pinch grip) and vision (visual acuity) are discussed in detail in Chapters 4a 
and 5a respectively.   
3.3. Research Strategy  
Research strategy refers to the way in which one intends to go about 
collecting and analysing data around the central phenomenon of concern 
(Robson, 2002).  A wide range of strategies exist, such as: experiment, 
survey, case study, observation, questionnaire, grounded theory, 
ethnography, case studies, action research, etc. (Drury, 2005; Robson, 2002, 
Breakwell and Rose, 2000).  These strategies fall into two different types of 
categories; Robson (2002) identifies these as either ‘fixed design’ strategies 
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(often called a quantitative strategy) or ‘flexible design’ strategies (typically 
labelled as a qualitative approach).  Breakwell and Rose (2000) categorise 
research strategies according to the type of data gathered, i.e. ‘qualitative 
treatment’ or ‘quantitative treatment’, whereas Galliers (1991) categorises 
these according to whether they conform to the ‘positivist’ or ‘interpretivist’ 
research philosophy.  A research philosophy is a belief about the way in which 
data about a phenomenon should be gathered, analysed and used (Levin, 
1988).  Positivists believe that reality is stable and can be observed and 
described from an objective viewpoint (Levin, 1988), whereas  
interpretivists believe that only through the subjective interpretation of an 
intervention in reality can that reality be fully understood (Remenyi et al, 1998; 
Levin, 1988) 
3.3.1. Choosing a research strategy 
The strategies listed represent different ways of collecting and analysing 
empirical data.  As established in Section 3.2, quantitative data gathering 
techniques (i.e. objective performance measures) were considered as the 
most suitable capability measure for addressing the research questions 
posed.  The strategy employed when using these measures was next to be 
considered.  Robson (2002) suggests that “...the research question for which 
you seek answers should help determine the appropriate strategy.”  In 
Chapter 2b, the following research questions were established: 
 
RQ1 To what extent will an everyday cold temperature of 5°C affect the fine 
finger dexterity and the grip strength of older adults?  
RQ2 What are older adults’ visual acuity capabilities under different 
everyday ambient illumination levels? 
RQ3 To what extent do everyday ambient illumination levels affect older 
adults’ visual acuity? 
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According to Robson (2002) an experiment would be the strategy of choice if 
quantitative data gathering techniques are preferred and there is substantial 
knowledge about the mechanisms (i.e. environment) involved.  An experiment 
refers to when a system/environment is directly changed and the effect these 
changes have are directly measured (Drury, 2005).  To this end, experiments 
are able to detect causality with some degree of confidence (Drury, 2005).      
 
Using quantitative methods to confidently measure the extent a changing 
environment affects older adults’ capabilities is the overarching concern of the 
research questions posed.  Thus, the research strategy that was deemed 
appropriate for answering RQ 1 to 3, with the greatest confidence, was an 
experiment.   
 
Two different types of experiments exist: 
• Laboratory experiments: take place in a controlled setting and are 
facilitated by a researcher to investigate the phenomenon of interest.  
The researcher has control over the conditions/independent variables 
and assigns them randomly to the participants (Robson, 2002; Boyce 
1981). 
• Field experiments: applies a scientific methodology to investigate 
variables outside the laboratory in the ‘real’ world/its naturally occurring 
environment (Robson 2002; Shuttleworth, 2009b).  
 
A number of authors (Boyce, 1981; Robson 2002; Drury, 2005) have debated 
the pros and cons of each experimental strategy.  In summary, it would 
appear that there is a greater degree of experimental realism attached to field 
experiments as they naturally include the contextual factors from the 
environment which the phenomenon of concern is being investigated (Drury, 
2005).  However, with field experiments there is a significant lack of control 
over experimental parameters/extraneous variables which may impact the 
phenomenon being measured; thus, findings may be a result of coincidence 
as opposed to causality (Drury, 2005).  This is especially true in the study of 
the physical environment, as outdoor temperature and ambient illumination 
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levels can often change throughout the day and from one day to another.  The 
very nature of a controlled laboratory environment means that the 
complexities and uncertainties of real world environmental conditions, such as 
these, are not being simulated; this has the major advantage of determining 
causality (Boyce, 1981; Drury, 2005).  
 
In summary, findings from this review show that a laboratory experiment is the 
most suitable research strategy for simulating everyday environmental 
conditions.  In particular, they allow for differing environmental conditions to 
be assigned to participants one after another, thus ensuring the experiment is 
efficient and does not have to be carried out longitudinally and in several parts 
(i.e. at differing times of the day and/or year).  It also ensures consistency in 
experimental conditions between participants.  Overall, the research strategy 
chosen as part of this research can be summarised as: a fixed design 
strategy, quantitative treatment or positivist research philosophy (i.e. the 
phenomenon is isolated and the measures are repeatable).     
3.4. Study design 
Finally, there are aspects of each study (experiment) that need to be 
established.  For example, how many participants are to be used, how many 
data points are to be collected, and how the experimental conditions and 
participants are to be assigned to each other (Drury, 2005).  Factors 
associated with the number of participants and data points are discussed 
separately in Chapters 4b and 5b.  Detailed below are how the experimental 
conditions and participants are to be assigned to each other. A summary of 
different study designs are given based on the explanations given by Robson 
(2002) and Drury (2005):  
• Repeated measures design (also known as within-participants 
design) refers to when the same participant is tested under two or more 
experimental treatments (or in both an experimental and control 
condition); 
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• Between-participants design (also referred to as an independent 
measures design) is when each participant is only tested in a single 
condition; 
• Matched pairs designs refers to establishing pairs of participants with 
similar score on a variable(s) known to be related to the dependent 
variable of the experiment.  The matched pairs are then randomly 
allocated to different experimental groups.  This approach is used 
extensively in medical and epidemiological studies. 
 
According to Drury (2005), in ergonomic studies, the main choice of study is 
between a repeated measures design and a between-participants design.  
Each study design has its advantages and disadvantages.  For instance, a 
between-participants design has very little contamination from extraneous 
variables and does not suffer from such things as carry-over effects; however 
they are complex and require large numbers of participants (Shuttleworth, 
2009c). On the other hand, a repeated measures study design requires fewer 
participants, is more streamlined, not as resource intense, and they monitor 
the effects of the independent variable much more easily.  However, such 
designs are more prone to carry-over effects (Shullteworth. 2009d). When 
choosing a study design, there is no one right answer; the decision needs to 
be driven by what is intended to be measured (Drury, 2005).   
 
Robson (2002) details criteria for selecting a study design based on the 
measures intended to be used; a repeated measures design should be used 
when: 
• The independent variable(s) lend themselves to repeated measures; 
• In real life, persons are likely to be exposed to the different treatments; 
• Order effects appear unlikely.  
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A between-participants design should be used when: 
• The independent variable(s) do not lend themselves to repeated 
measurement, 
• In real life, persons would tend not to receive more than one treatment, 
• Order effects are likely. 
 
In relation to the criteria detailed by Robson (2002), a repeated measures 
design was chosen as the most suitable study design.  More specifically, the 
independent variables chosen (i.e. street lighting, in-house lighting, overcast, 
5°C and a control environment) can be simulated one after another in a 
laboratory.  In real life, it is extremely likely that people would be exposed to 
all of these conditions, sometimes in one day.  Also, order effects appear 
unlikely, and randomisation of experimental conditions can further mitigate 
this risk.  The mitigation of order effects is discussed in full in Chapters 4a and 
5a.  Parsons (2005a) also states that a repeated measures design provides 
the best comparison between two or more types of environments.  
Furthermore, a repeated measures design makes it much easier to monitor 
the effects of the independent variable and is a safer method to use if the 
investigator wishes to determine the functional relationship between 
independent and dependent variables (Shuttleworth, 2009d).  Thus, a 
repeated measures design allows the effects of everyday environmental 
conditions on older adults’ capabilities to be measured in a safe, effective and 
reliable way.   
  
Chapter 3: Gathering context capability data 
76 
 
3.5. Conclusion 
This chapter identified a range of methodological approaches which could be 
adopted to address the research questions posed.  A critical review of these 
methods was undertaken with the aim of establishing the most appropriate 
methodology for this research.  On completion of this review, the following 
methodological approach was adopted:        
• Objective performance measures will be used as the technique to 
measure capability; 
• Component function and product tasks will be the specific objective 
performance measures used; 
• A laboratory experiment will be used to simulate everyday 
environmental conditions; 
• A repeated measures study design will be used to determine the extent 
everyday environmental conditions affect older adults’ capabilities.  
 
Further methodological considerations need to be established, such as, 
counter-balancing any carry-over effects, number of participants and data 
points, physiological measures, laboratory setup and which component 
functions and product tasks will be used.  These factors are discussed 
separately in Chapters 4b and 5b.  
Chapter 4a: Dexterity measures review 
77 
 
Chapter 4a: 
4. Dexterity measures review 
Research objectives addressed in Chapter 4: 
Objective 3: Conduct experimental investigations that will gather accurate 
older adult context capability data that is relevant to product 
interaction; 
Objective 4: Conduct statistical analysis on the data to determine the extent 
to which the environmental context of use affects older adults’ 
product interaction capabilities. 
 
Chapter 4 is divided into the following three sections:  
• Chapter 4a presents a detailed review of component function and 
product task dexterity measures.  
 
• Chapter 4b details the methodology followed for Study 1: Effects of an 
everyday cold temperature.  
 
• Chapter 4c details the experimental findings from Study1. 
 
Chapters 4a and 4b will address objective 3, and Chapter 4c will address 
objective 4 for the dexterity element of this research. 
4.1. Introduction 
In Chapter 2a (section 2.5), fine finger dexterity, power grip and pinch grip 
were identified as the dexterous functions most frequently used to interact 
with everyday products when outside.  Cold temperatures were identified as 
the environmental contextual factor likely to have the most frequent impact on 
these capabilities when interacting with products.  In Chapter 2b, a critical 
review of past studies revealed that there appear to be no published studies 
which investigate the effects of reduced ambient temperature on these forms 
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of dexterity with older adults.  Thus, the following key research question was 
generated to address this: 
 
RQ1 To what extent will an everyday cold temperature of 5°C affect the fine 
finger dexterity and the grip strength of older adults?  
 
For this research question to be accurately answered, appropriate dexterous 
capability measuring techniques need to be used.  In Chapter 3, it was 
established that in order to gather capability data that are reliable, valid and 
relevant to designers, a combination of objective performance component 
function and product task measures needed to be used.  Chapter 4a presents 
a detailed review of the commercially available component function dexterity 
measures and product tasks which require either fine finger dexterity, power 
grip or pinch grip.   
4.2. Component function measures 
4.2.1. Criteria 
The selection of an appropriate battery of dexterity measures was based on 
the following criteria: 
• Psychometric properties;  
• Practicality;  
• Availability (Rudman and Hannah, 1998).   
 
4.2.1.1. Psychometric properties 
Psychometric properties refer to the reliability and validity of the measures. 
Reliability refers to whether the measure will give consistent results if used on 
different occasions with the same object of study (Robson, 2002).  Validity, 
although several types of this exist (e.g. face, content and construct), all have 
in common the determination of the extent to which a 
test/assessment/variable actually measures what is intended (Sanders and 
McCormick, 1993).  There is also discriminative validity, which refers to how 
Chapter 4a: Dexterity measures review 
79 
 
well a test can discriminate between groups of people, and external validity 
(also known as generalisability), which looks at the relationship between a 
measure and another factor(s) (Rosenthal and Rosnow, 1991).  The external 
validity of the component function measures is a key consideration within this 
thesis; in particular, the strength of the relationship between the component 
function measures and an older adult’s ability to interact with a product.  If the 
relationship between the two factors is weak/small, then the capability data 
gathered from the component function measures cannot be reliably applied to 
product interaction ability. 
4.2.1.2. Practicality 
Practicality refers to the duration and effort required to conduct and complete 
a measure.  The duration which a test takes to administer is another key 
consideration in the selection of component function measures as prolonged 
exposure to cold temperatures can pose a serious health and safety risk to 
older adults.  In particular, the body’s physiological response to the cold 
causes an increase in blood pressure; rises in blood pressure are greatest in 
older adults as they have a higher basal blood pressure i.e. 140/90mmHG 
(Inoue et al., 1992; Smolander, 2002).  Thus, prolonged exposure to the cold 
can result in high blood pressure levels.  A maximum safe exposure time, as 
advised by James Goodwin (Head of Research, Age UK, 02/07/2009) and 
Loughborough University’s medical doctor, was 45 minutes.  Within this 45 
minute period, a certain amount of time had to be dedicated to exposing the 
participants to the cold temperature prior to any tests being administered.  
This exposure time was a balance between:  
a) Allowing sufficient time for the hands to cool/adjust to the reduced 
ambient temperature;  
b) Likely/realistic exposure to such temperatures in everyday life;  
c) Allowing sufficient time for the battery of dexterity measures to be 
completed. 
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In a conversation on the 7th May 2009 Prof. G Havenith (Professor of 
Environmental Physiology and Ergonomics, Loughborough Design School) 
stated that 20 minutes would be required to cool participant’s hands 
sufficiently before testing.  This gave a maximum of 25 minutes to administer 
the dexterity measures.  Also, a 20 minute exposure time to an average winter 
temperature (5°C) did not appear too extreme, or too insignificant.  
 
Effort is the second factor to consider under practicality.  Effort refers to the 
level of physical and/or cognitive energy that is exerted in order to complete a 
measure.  Measures which require excessive effort can lead to fatigue effects, 
which refers to when an individual becomes tired and there is a decline in 
their performance.  Fatigue effects are a significant consideration when 
testing with older adults; the degenerative loss in skeletal muscle mass due to 
morphological changes with age (+65 years) causes muscles to reach an 
exhaustive state much quicker (Carmeli et al, 2003).  Thus, measures which 
require a constant high level physical effort need to be avoided else the data 
gathered may not be an accurate measure of a participant’s capability.   
4.2.1.3. Availability  
Finally there is availability of the measures.  To date, over 20 different 
dexterity tests are commercially available (Yancosek and Howell, 2009).  
Certain dexterity measures are owned by Loughborough University meaning 
they are easily accessible.    
4.2.2. Review and selection of component function measures 
4.2.2.1. Fine finger dexterity  
In 2009, Yancosek and Howell conducted an in-depth review of commercially 
available dexterity measures, focussing on their psychometric properties 
(reliability and validity).  The review summarises decades of research (from 
1920 to 2007) on commercially available dexterity measures.  A total of 12 
tests were considered in the review, these were: 
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• Box and Block Test • Crawford Small 
Parts Dexterity Test 
• Functional Dexterity 
Test 
• Grooved Pegboard • Jebsen-Taylor Test 
of Hand Function 
• Minnesota Rate of 
Manipulation Test 
• Moberg Pick-up Test • Nine-Hole Peg Test • O’Connor Finger 
Dexterity Test 
• Purdue Pegboard • Sequential 
Occupational 
Therapy Dexterity 
Assessment 
• Wolf Motor Function 
Test 
   
Other commercially available tests were excluded on the basis of a lack of 
published material relating to them.  Only published journal papers that 
examined the psychometric properties of these tests were considered.  The 
review concluded that the Purdue Pegboard (a test of fine finger dexterity) 
demonstrated solid psychometric properties.  In particular, the reliability and 
validity of the Purdue Pegboard has been well established through abundant 
research/publications  (Muller et al, 2011; Gallus and Mathiowetz, 2003; 
Aaron and Stegnik-Jensen, 2003; Buddenberg and Davis, 2000; Hammn and 
Curtis, 1980; Tiffen and Asher, 1948; Shanthamani; 1979).  For example, 
Tiffin and Asher (1948) established retest reliability values of r = 0.82 to 0.91 
for the Purdue Pegboard; Muller et al (2011) established high retest reliability 
(intraclass correlations >0.700) for the Purdue Pegboard in cold ambient 
conditions (5°C); Shanthamani (1979) established a validity correlation of r = 
0.95 for performance with gender;  Tiffin and Asher (1948) reported good 
external validity - strong correlations (r ≥ 0.5) with light machine operation 
tasks and the assembly of small parts e.g. electrical circuits.  Backman et al 
(1992) correlated Purdue Pegboard scores with performance on the Arthritis 
Hand Function test – an applied dexterity test compromising everyday 
representative tasks, e.g. tying shoe laces, unfastening buttons etc.  Again, 
results showed strong relationships (r ≥ 0.5) existed between Pegboard 
dexterity and applied dexterity.  Based on the findings of this review, 
Yancosek and Howell (2009) recommend that fine finger capability is 
measured using the Purdue Pegboard.   
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In relation to test duration, the Purdue Pegboard consists of a series of four 
timed subtests; the first three subtests are each 30 seconds long and the forth 
is 60 seconds.  The fourth subtest is a precise fine finger assembly task which 
involves the assembly of pins, collars and washers.  This subtest was deemed 
irrelevant as the precise level of fine finger manipulation required to complete 
this task could not be likened to any form of real world product interaction.  
Thus, the test is relatively quick to administer; the placement of pins in a 
board is of relatively low physical effort and the test is easily accessible as 
Loughborough University own several.  The Purdue Pegboard was therefore 
selected and used to measure fine finger dexterity based on the extent to 
which it meets the performance measures criteria.  The tasks which 
participants had to perform with the Purdue Pegboard are detailed in section 
4.7.  The Purdue Pegboard can be seen illustrated in Figure 4.1.   
 
 
Figure 4.1. Purdue Pegboard4 
  
                                            
4 http://prohealthcareproducts.com/images/purdue-pegboard-manual-dexterity-test.jpg  
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4.2.2.2. Grip strength 
Published literature on the reliability and validity of grip strength measurement 
devices is not as comprehensive and consistent as that for fine finger 
dexterity tests.  However, there are a number of published studies which 
discuss how to obtain a reliable and valid measurement of grip strength.  One 
of the main issues in measuring grip strength is the variety of measurement 
devices used, which leads to a lack of standardisation in the measurement 
(Blair, 1999).  For example, an objective measure of grip strength can be 
obtained from blood pressure equipment (the sphygmomanometer), 
vigorometers (air-filled bulb connected to a pressure gauge) and specifically 
designed strain gauges that measure a particular aspect of grip (Blair, 1999).  
Matiowetz et al (1984) conducted a review of these objective measures, 
evaluating their reliability and validity.  The Jamar dynamometer was found to 
provide the most accurate measure of grip strength.  However, since this 
review in 1984, digital dynamometers have been developed with digital 
displays and rubberised bars to aid grip.  Digital displays provide accurate 
readouts that can be recorded precisely and more efficiently than having to 
take the measure from a dial.   
 
Recommendations have been published on improving the reliability and 
validity of grip strength measures.  Matiowetz et al (1984) make the following 
recommendations: (1) Standardised positioning and instructions should be 
followed; (2) the average of three trials should be used; (3) the calibration of 
the devices should be checked regularly; (4) the same test instrument should 
be used with all participants throughout the testing.  Wang and Chen (2010) 
have provided evidence to support these recommendations; in particular, 
using the mean value of three trials helps to improve test-retest reliability.  
Further recommendations/findings show that interval measurement with a 
one-minute rest after each measure increases the reliability of grip strength 
measures (Watanabe et al, 2005). 
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There is also the external validity of grip strength measures to consider; 
‘Science Direct’, ‘Google Scholar’ and Loughborough University’s ‘Institutional 
repository’ were searched with the following phrases:  
• “Grip strength validity”  
• “Grip strength external validity”  
• “Power grip validity” 
• “Power grip external validity/generalisability” 
• “Pinch grip validity” 
• “Pinch grip external validity/generalisability” 
• “Generalisability of grip strength measures” 
 
Results from the search revealed there to be a lack of published material on 
the subject.  However, grip strength has been found to be an essential 
capability used in almost every ADL and IADL (Blair, 1999). Persad and 
Waller (2007) also identified pinch and power grip to be two of the most 
critical functions for product interaction.  What is not currently known is the 
relationship between these objective performance measures and the 
functional capability of the hand when interacting with products.   
 
A further key consideration in selecting a battery of appropriate measures is 
the level of physical effort required to complete them as an older adult’s time 
to muscle exhaustion is reduced due to morphological changes; thus fatigue 
effects are more likely.  The measurement of maximal power and pinch grip 
strength requires an individual to exert their maximum amount of force for a 
short duration (i.e. two seconds).  Recommendations (Matiowetz et al, 1984; 
Wang and Chen, 2010) suggest measuring grip strength three times and then 
mean averaging the scores improves reliability.  This means grip strength 
(power and pinch) will be measured a total of 12 times (six times in cold 
condition and six times in the control condition), thus potentially leading to 
muscle exhaustion and unreliable data.  However, as previously detailed, a 
one-minute rest interval between each measure is required to improve 
reliability of the measure.  Measuring power and pinch grip consecutively can 
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be avoided through randomising the presentation order of the tests, meaning 
the nature of the task will frequently change therefore different muscle groups 
will be used.  Also, there is a twenty minute rest interval between the testing 
conditions (i.e. from cold to the control environment and vice versa) which will 
allow muscles to recover.  Furthermore, the exertion of maximum force is only 
required for a short duration of time (two seconds) therefore unlikely to 
exhaust muscle groups.  Thus, by allowing a rest period between each 
measure, randomising the presentation order, and providing a rest period 
between the two testing environments, over working of muscles resulting in 
fatigue effects can be mitigated. 
 
Obtaining a reliable and valid measure of grip strength meant that 
measurement duration would be significantly increased.  More specifically, 
taking three measures of power and pinch grip with a 1 minute interval 
between each, as well as explaining standardised positioning and instructions, 
meant that approximately ten minutes would be needed to administer these 
measures.  Although within the allocated 25 minute testing time frame, it 
meant that approximately ten minutes of testing time remained after the 
administration of both grip strength measures and the Purdue Pegboard. 
 
Finally, there is the availability of appropriate measuring devices.  For pinch 
grip, Loughborough University have available a ‘Baseline hydraulic pinch 
gauge’ and for power grip a T.K.K.5401 Grip D (Digital Grip) Dynamometer.  
Both devices provide a precise measurement; grip strength can be measured 
to the nearest 0.1kgs.  Each device can be calibrated quickly and easily, thus 
ensuring accurate measurements can be consistently recorded.  Findings 
from the literature do not appear to recommend specific measuring devices, 
but do recommend the steps that can be followed in order to obtain a reliable 
and valid measure of grip strength.  Thus, based on this review, pinch grip 
was measured using a ‘Baseline hydraulic pinch gauge’ (Figure 4.2) and 
power grip by the T.K.K.5401 Grip D (Digital Grip) Dynamometer (Figure 4.3).     
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Figure 4.2. Baseline hydraulic pinch 
gauge5 
Figure 4.3. T.K.K.5401 Grip D (Digital 
Grip) Dynamometer 
 
4.3. Gap in knowledge 
A major assumption in the use of these component function dexterity 
measures is that they will accurately predict how well a person can interact 
with a product from a dexterous perspective.  However, it is apparent from this 
review that there is no research evidence which examines this relationship.  
The closest study found was that by Tiffin and Asher (1948) who investigated 
the relationship (external validity) between Purdue Pegboard performance 
and light machine operation tasks and the assembly of small parts.  Thus, as 
part of this thesis, the relationship between the Purdue Pegboard and fine 
finger product interaction capability will be examined, as well as the 
relationship between power and pinch grip measures and power and pinch 
grip actions with products.  This will be achieved through investigating the 
relationship in performance between component function measures and 
product tasks.   A further research question for the dexterity study was 
therefore generated: 
 
  
                                            
5 http://www.a3bs.com/imagelibrary/W54272/W54272_01_Baseline-Hydraulic-HiRes-Pinch-
Gauge-100-lb.jpg  
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RQ4 Are component function dexterity measures good predictors of 
dexterous product interaction capability? 
 
The answer to RQ4 will be detailed in Chapter 4c. 
4.4. Selection of real world product tasks 
This section seeks to identify practical product tasks which predominantly 
require fine finger dexterity, pinch grip or power grip to complete.   
4.4.1. Criteria 
The products selected had to fall within one of the three categories of 
products identified as typically being used in cold conditions (section 2.6.1.2) 
Cold temperatures).  In short, these were 1) wireless information and 
communication devices; 2) gardening products; 3) everyday objects (e.g. 
keys, bankcards, batteries, stylus, etc.).   
4.4.2. Wireless information and communication devices: fine finger 
dexterity 
A range of wireless information and communication devices exist, such as 
mobile phones, i-pads, Satalite Navigation systems, PDAs etc.  The product 
selected from this category was a mobile phone as over four in five people 
own one and the overall ‘take-up’ of mobile phone use with the over 65’s is 
high i.e. approximately 60% (Ofcom research, 2007).  The take-up of other 
such devices by the over 65’s can only be rivalled by digital TV (Ofcom 
research, 2007), a product only used inside the home environment.  The 
selection of an appropriate model of mobile phone was then considered.  The 
main consideration was extraneous variables i.e. features of the mobile phone 
which may have a bearing on fine finger performance (dependent variable).  
To this end, keypads which are difficult to perceive (i.e. small and of low 
contrast) and understand (i.e. have an unfamiliar layout) were avoided as 
such factors are likely to contribute to task completion time.  The NOKIA 
3210e (Figure 4.4) was the model of mobile phone that was selected as it has 
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been found to be a simple phone that was easy to use by older adults (Ziefle 
and Bay, 2005).   
 
 
Figure 4.4.  NOKIA 3210e mobile phone6 
 
As established in section 2.5, the completion of nearly all tasks with mobile 
phones require users to input information using either a set of physical 
buttons or a touch sensitive screen which commonly involves precise 
movements of the fingers, which is known as fine finger dexterity.  Mobile 
phones have a vast array of functions which users can perform tasks with, 
such as, setting reminders, accessing the internet, sending a text etc. For the 
purpose of Study 1, entering an 11 digit phone number into a mobile phone 
was the chosen task, as:  
• It predominantly requires fine finger dexterity for it to be completed; 
• Cold exposure time was limited so a task which was relatively short in 
duration was needed;   
• Using a mobile phone to make a call is a common task carried out with 
this type of product in the cold,  
• There is a limited risk of practice/learning effects due to universal 
nature of the task.  
 
                                            
6 http://upload.wikimedia.org/wikipedia/commons/e/e5/Nokia_3210_3.jpg  
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Practice effects refer to when participants’ performance improves as they 
carry out the task for a second or third time as people become more practiced 
(Robson, 2002).  This is a common problem if the task being completed is 
new to the participant (Robson, 2002).  The potential risk of practice/learning 
will be discussed separately in section 4.8 as it has the potential to affect a 
number of the selected measures.  
4.4.3. Gardening products: power grip 
Gardening products have been identified as the second category of products 
used outside in the cold.  Gardening products are a very popular category of 
product with older adults; the over 55s are reported as being the keenest 
gardeners and they are also considered the most important consumers to 
garden retailers (Mason, 2011).  A large number of gardening products 
require a power grip to stabilise them during use, for example, a spade, 
trowel, garden fork, watering can etc.  However, there are certain gardening 
products, such as secateurs (pruning shears) which require the exertion of a 
power grip for them to perform their primary function.  Gardening secateurs 
are used to prune garden vegetation, such as hard branches of trees and 
shrubs.  Pruning of vegetation is a task commonly carried out in the winter 
months to aid growth during the spring and summer (The Royal Horticultural 
Society, 2011).    
 
Pragmatically, secateurs offer the best solution for this category of product, as 
they are small and compact in size so they can be used without restriction in 
the experimental laboratories.  Also, they do not require the use of water or 
soil for the task to be performed. Practice/learning effects appear unlikely due 
to the simplistic nature of the task i.e. squeezing the handles together to cut 
through an object.  Fatigue effects also appear unlikely due to the nature of 
the task; further information regarding this is provided in section 4.7.5. 
 
Based on the factors discussed, secateurs were selected for the power grip 
product task.  The task participants had to perform, with the secateurs, was to 
cut through various thicknesses of wooden dowel.  Wooden dowel was 
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selected to ensure consistency in task difficulty across participants.  Further 
detail is provided on the thicknesses of dowel used and the testing procedure 
followed in section 4.7.5.      
The selection of an appropriate make and model of secateurs was then 
considered.  Again, potential extraneous variables were explored.  The only 
variable identified as potentially having an effect on performance was the type 
of material used on the secateurs’ handles, as certain materials may result in 
the hand slipping when exerting force.  There was therefore a need to ensure 
a firm grip could be maintained when using the secateurs to perform the 
experimental tasks.  Based on this, the ‘B&Q Deluxe Branch Secateurs’ were 
used, as the handles had non-slip rubberised grips (Figure 4.5).        
 
 
Figure 4.5. B&Q ‘Deluxe Branch Secateurs’ 
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4.4.4. Everyday objects: pinch grip 
In Chapter 2a section 2.6.1.2, a range of everyday objects were identified as 
being used in the cold.  These included products such keys, drinks bottles, 
bankcards, styluses etc.  A range of dexterity measures exist which measure 
hand function with real world products.  These include:  
• The Jebsen-Taylor Test of Hand Function (Jebsen et al, 1969) which 
was designed to provide a broad measure of hand function (dexterity). 
The test requires participants to carry out a range of Activities of Daily 
Living (ADLs) such as writing, turning cards, moving cans, simulating 
feeding etc.   
• The Sollerman Hand Function Test (Sollerman and Ejeskar, 1995) 
which was developed to provide an overall measure of hand and grip 
function when engaging in ADLs and IADls.  The test requires 
participants to exert seven different types of hand grips to complete a 
total of 20 tasks.  The tasks include writing, using a phone, pouring 
water etc.   
• The Moberg Pick-up Test (Moberg, 1958) which requires a level of fine 
finger dexterity but mainly pinch grip.  The test involves picking up 
twelve small everyday objects (paper clip, coin, battery etc.) and 
placing them into a smaller container as quickly as possible.   
 
Out of these hand function measures, the Moberg Pick-up Test is most suited 
to the requirements of this study.  In particular, it provides a measure of pinch 
grip with everyday objects.   Studies have been published which report on the 
reliability and validity of this test.  Ng et al (1999) collected test-retest data to 
establish the reliability of the Moberg Pick-up Test.  Correlation results were 
statistically significant at the p<0.01 level, indicating confidence can be had in 
the reliability of the Moberg Pick-up Test as a dexterous measure.  Jerosch-
Herold (2003) also demonstrated the test’s ability to be responsive to clinical 
change in medical patients, thus establishing discriminative validity.  It is quick 
to administer as results from past studies show mean test completion time to 
be around 12 seconds (Ng et al, 1999).  Also, it does not require participants 
to exert a high level of force, thus the test is unlikely to cause fatigue effects.  
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Practice/learning effects are also unlikely because of the simplistic nature of 
the task i.e. picking objects up off a surface and placing them in a container.  
Exploration of potential extraneous variables identified object conspicuity as a 
possible variable that may have a bearing on performance.  Such a factor can 
however be eliminated through selecting dark or brightly coloured objects and 
placing them on a clean and clear white surface.  
 
Based on these findings, the Moberg Pick-up Test was selected as the real 
world product test that requires pinch grip (see Figure 4.6).  However, some of 
the objects used in the standard test were changed in order to have a 
selection of objects that were more representative of the everyday items likely 
to be used in the cold.  The 12 objects used in the standard protocol consist of 
2 paper clips (length 3.3 and 2.8cm), 1 nail (length 5cm), 1 safety pin (length 
3.8cm), 2 nuts, 1 wing nut, 2 coins (Ø 28cm and 2.2cm), 1 screw (length 
2.3cm), 1 o-ring (Ø 1.4cm) and 1 key (length 5.5cm).  The modified selection 
of objects were: a mobile phone SIM card, a key, an AA battery, a paperclip, a 
safety pin, a PDA stylus, a match, a bolt, a wing nut, a UK 1p coin, a UK 2p 
coin and a credit card.   
  
 
Figure 4.6. Moberg Pick-up Test 
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4.4.5. Analysis and refinement of measures 
Due to the limited cold exposure time (25 minutes), there was a need to 
optimise the number of measures used. Thus, the data was analysed after 14 
participants (approximately half) had completed the study to determine which 
types of dexterity were being affected by the cold and which were not.  
Following the analysis, no significant (p>0.05) differences in performance 
were found with Power Grip, Pinch Grip and the Secateurs task between the 
thermo-neutral (control condition) and cold condition.  Based on the analysis 
results, these three measures were removed from the study.  The results from 
each of these measures are detailed fully in Chapter 4c.  However, there is a 
need to report this, as changes were made to the measures used.  In 
particular, two further tasks with representative wireless information and 
communication devices were included in the experiment; the rationale is 
explained below.   
4.4.5.1. Additional measures  
The two additional product tasks used in the study were, a stylus task 
performed on the ‘HP iPAQ 114 Classic Handheld’ and a touch screen task 
which was conducted on an ‘i-pod touch’.   These devices were selected 
based on the input method required to use them, as opposed to their being 
specific products which are regularly used by older adults in cold 
environments.  These additional tasks were included in order to, 1) determine 
whether the cold affected dexterity (fine finger) when completing this type of 
product interaction; 2) determine whether the study results could be 
generalised more widely (i.e. to a greater range of wireless information and 
communication devices/input methods).   
 
Again, task duration, fatigue effects, practice/learning effects and extraneous 
variables were all considered.  Due to the range of dexterity measures used, 
there was a need to have tasks that could be administered quickly and 
effectively.  Thus, simple tasks that took less than a minute to complete were 
selected.  Tasks that were deemed to be of a familiar nature were selected in 
order to minimise any practice/learning.  For the Stylus task, participants were 
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required to enter an equation using the calculator feature on the HP iPAQ 
which had a standard calculator layout (Figure 4.7).  For the Touch Screen 
task, participants were required to enter a short sentence using a QWERTY 
keypad layout into the Notes app (Figure 4.8).  Fatigue effects were deemed 
negligible as the level of force required to interact with such devices is 
minimal and task duration is short.  The extraneous variables identified for 
both of these products were the same as those identified for the mobile phone 
(section 4.4.2), i.e. difficult to perceive and understand interfaces.  Again, 
interfaces that were difficult to perceive (i.e. small and of low contrast) and 
understand (i.e. have an unfamiliar layout) were avoided as such factors are 
likely to contribute to task completion time.  The only potential threats to the 
study results were practice/learning effects as both types of devices and input 
methods are relatively new i.e. they have only been available within the 
market place for the last 10 years, so older adults may not be familiar with 
them.  Practice/learning effects are addressed in section 4.8.   
 
 
 
 
Figure 4.7. HP iPAQ 114 Classic 
Handheld  
Figure 4.8. i-pod touch 
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Summary of selected objective performance measures 
Detailed within Table 4.1 is a summary of the component function and product 
task measures that were selected for use in Study 1. 
 
Table 4.1. Summary of selected objective performance measures 
 
Hand function Component function 
measure 
Product task measure 
Fine finger dexterity Purdue Pegboard 
Mobile phone – enter an 11 digit 
phone number. 
Touch screen task – enter a short 
sentence using a touch screen. 
Stylus task – enter an equation using 
a stylus. 
Power grip  
T.K.K.5401 Grip D 
(Digital Grip) 
Dynamometer 
Secateurs – cutting through different 
thicknesses of wooden dowel. 
Pinch grip Baseline hydraulic 
pinch gauge 
Moberg Pick-up Test – picking up and 
placing 12 everyday object in a 
container. 
 
A detailed description of the tasks participants had to perform with each of 
these measures is detailed in Chapter 4b section 4.7. 
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Chapter 4b: 
Study 1: Effects of an everyday cold 
temperature: Methodology  
4.5. Introduction 
Detailed within Chapter 4b is the experimental methodology that was followed 
in order to answer RQ1 and RQ4.  In particular, this chapter details the test 
facility used, experimental tasks, mitigation of practice effects, physiological, 
subjective and experimental measures used, clothing worn, participant 
recruitment, and the study design followed. 
4.6. Test facility 
In Chapter 3 section 3.3.1 laboratory experiments were identified as the most 
suitable research strategy for simulating everyday environmental conditions, 
as they allow control over the various parameters which ensures consistency 
between participants.   
 
For the purposes of study 1, there was a need to simulate two thermal 
environmental conditions.  These were an air temperature of 5°C to represent 
an everyday cold temperature, and one between 19-24°C for the control 
condition.  Temperatures which range between 19-24°C are classed as 
thermo-neutral, which is a temperature which keeps the body at an optimum 
point.  A control condition was necessary for the purposes of study 1 in order 
to answer RQ1, i.e. determine the extent to which an everyday cold 
temperature of 5°C affects older adults’ dexterity.     
 
Both thermal environmental conditions were simulated within Loughborough 
University’s Environmental Ergonomics laboratories.  For the cold 
environment, a climatic chamber was used to regulate the desired 
temperature of 5°C. For the thermo-neutral environment a standard testing lab 
was used; both testing laboratories were regulated through a climate control 
system which regulates the air temperature to a constant level. 
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4.7. Experimental tasks 
Chapter 4a detailed the dexterity measures, both component function and 
product tasks, which were selected for the purposes of study 1.  The following 
section details the specific tasks each participant was asked to perform with 
the selected measures.  Detailed in Appendix A1 are the verbal instructions 
that were given to each participant prior to performing each task.    
 
4.7.1. Purdue Pegboard 
The Purdue Pegboard involved a series of 3 subtests which required 
participants to place as many pins as possible into a pegboard with the right 
hand (R), then the left hand (L) and then both hands (B) – each in a 30 
second period.  The participants’ score was calculated in accordance with the 
standardised method i.e. R+L+B=total number of pins.  The test was 
administered according to the standard protocol as detailed by Tiffin and 
Asher (1948) and Lafayette (2002).  Figure 4.9 shows the right hand (R) task 
being completed.   
 
 
Figure 4.9. Participant completing Purdue Pegboard 
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4.7.2. Power Grip 
Power grip is the maximal grip strength (kg) a person can exert with their 
whole hand.  Only the dominant hand was measured.  It is measured by 
squeezing together the middle joints of all 4 fingers and the palm.  The 
measuring device (T.K.K.5401 Grip D Digital Grip Dynamometer) registers the 
maximum force exerted.  The device was calibrated prior to each participant 
taking part in the experiment.  The standard protocol that was provided with 
the device was followed with every participant.  Power grip was measured 
three times with a one minute interval between each measure; scores were 
then mean averaged.  Figure 4.10 shows this task being undertaken.  
 
 
Figure 4.10. Participant performing Power Grip measure 
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4.7.3. Pinch Grip 
Pinch grip is the maximal force that can be exerted between the index finger 
and thumb pulps.  Only the dominant hand was measured.  Participants were 
required to squeeze together the appropriate part of the Baseline Hydraulic 
Pinch Gauge with their index finger and thumb pulps.  The device registers 
the maximum force that can be exerted.  The device was calibrated prior to 
each participant taking part in the experiment.  The standard protocol that was 
provided with the device was followed with every participant.  Pinch grip was 
measured three times in both conditions with a one minute interval between 
each measure; scores were mean averaged.  Figure 4.11 shows this task 
being completed by a study participant.        
 
 
Figure 4.11. Participant performing Pinch Grip measure in the cold chamber 
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4.7.4. Mobile Phone task 
The Mobile Phone task was the time taken in seconds to enter an eleven digit 
number, in the style of a UK landline telephone number, into the mobile phone 
(NOKIA 3210e).  Five different numbers were randomly generated and these 
are detailed below. Each number was printed in 20pt Arial font onto a 
separate piece of card.  The order in which the phone numbers were 
presented to each participant was randomised.  Each number contained all 
the digits from 0 to 9.  The task was timed from the moment the card was 
turned over until the participant said “done.”  Mobile Phone task performance 
was measured twice in each condition; scores were then mean averaged. 
Figure 4.12 shows this task being completed in the experiment.               
 
1. 01305 864 719 
2. 06121 794 385 
3. 08471 273 684 
4. 01896 571 423 
5. 01934 825 763 
 
Figure 4.12. Participant performing Mobile Phone task 
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4.7.5. Secateurs task 
The Secateurs task required participants to cut through increasing 
thicknesses of wooden dowel (3, 5, 9, 10 and 12 mm diameters) using a pair 
of garden secateurs (B&Q Deluxe Branch).  The maximum thickness of dowel 
that they could cut through was recorded.  This task was only performed once 
in each environment, this was to avoid any potential fatigue effects.  Figure 
4.13 shows this task being completed. 
 
 
Figure 4.13. Participant performing Secateurs task 
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4.7.6. Moberg Pick-up Test 
This test required participants to pick up a selection of 12 real world objects, 
one at a time, from a table and place them into a six inch round container as 
quickly as possible.  Participants sat at the table and the objects were placed 
in front of them in a marked area 11.5”x17.5”; the container was placed two 
inches to the left of this area.  The test was timed with a stop watch and the 
time was recorded in seconds from the moment the experimenter instructed 
the participant to start, until the last object was placed in the container.  Only 
the dominant hand was tested; two attempts were performed, which is in 
accordance with the standard protocol (Ng et al, 1999).  Performance times 
were then mean averaged.  Figure 4.14 shows this task being completed in 
the experiment. 
  
 
Figure 4.14. Participant performing the Moberg Pick-up Test in the cold 
chamber 
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4.7.7. Stylus task 
The Stylus task required participants to enter an 11 digit equation (this 
included the +, - and = symbols) into a HP iPAQ 114 Classic Handheld using 
a stylus.  Five different equations were randomly generated and these are 
detailed below.  Each equation was printed in 20pt Arial font on a separate 
piece of card.  Each equation contained the digits from 0 to 9.  The order in 
which the equations were presented to each participant was randomised.  
This task was timed with a stop watch from the moment the equation card 
was turned over until the participant stated they had finished.  The measure 
was repeated twice, and then mean averaged.  Figure 4.15 shows this task 
being completed. 
 
1. 10298 + 3764 = 
2. 9132 + 75864 = 
3. 81734 + 2095 = 
4. 5870 + 41329 = 
5. 3716 + 52948 = 
 
 
Figure 4.15. Participant performing the Stylus task in the cold chamber 
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4.7.8. Touch Screen task 
The Touch Screen task required participants to enter a short sentence (20 
characters including spaces) using a QWERTY touch screen keypad into an 
‘i-pod touch’ using the ‘Notes app.’  Five different sentences were generated, 
these are detailed below.  Each sentence was printed in 20pt Arial font onto a 
separate card.  The order in which the sentences were presented to each 
participant was randomised. This task was timed with a stop watch from the 
moment the sentence card was turned over until the participant stated they 
had finished.  The measure was repeated twice, and then mean averaged.  
Figure 4.16 shows this task being completed. 
 
1. Do you need any help 
2. Do you know the code 
3. That is good news jo 
4. Can you post me that 
5. His name is John May 
 
 
 Figure 4.16. Participant performing the Touch Screen task 
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4.8. Practice effects   
A number of the selected dexterity measures may have been subject to 
practice/learning effects i.e. participants’ performance improves as they carry 
out the test for a second or third time – people become more practiced.  This 
is a common problem in repeated measures design especially if the task 
being completed is new to the participant (Robson, 2002), as there is a certain 
level of learning involved when completing a new task with a novel 
test/product.  Practice effects can be reduced by incorporating pre-
experimental practice (Robson, 2002).  However, pre-experimental practice 
was not deemed necessary with the Secateurs task and the Moberg Pick-up 
Test because of their simplistic nature.  For all other measures, participants 
were given a practice go at completing the specified task before their 
performance was recorded for real.  More specifically, for the Mobile Phone, 
Stylus Task and Touch Screen task, all participants were given one practice 
go at completing the specified task.  For the Power and Pinch Grip measures 
participants were asked to perform the gripping action with the device but only 
exerting sub-maximal effort.  For the Purdue Pegboard, the standard 
instructions require each participant to have a practice at each of the sub-
tests to ensure all participants being measured have the same level of 
exposure.  
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4.9. Physiological measures 
A series of objective physiological measures were taken on each participant 
for safety purposes and to measure the physiological impact of the cold on 
older adults. Subjective measures were also used to ensure participants were 
not experiencing any untoward stress or discomfort during the trial. 
4.9.1. Skin temperature 
Finger and hand skin temperatures were measured at the beginning of the 
experiment, throughout the cold condition and directly after cold exposure.  
This parameter was measured to assess older adults’ physiological response 
to the cold and to ensure skin temperature did not drop below a safe level.   
 
Losses in dexterity in the cold have been shown to have a close dependent 
relationship with hand and finger skin temperatures (Havenith et al, 1995; 
Heus et al, 1995).  For example, Hellstrom (1965) reported a loss in finger 
dexterity with young healthy adults at a finger skin temperature of 20°C, and a 
significant reduction in dexterity when hand skin temperatures reach 15°C. 
Thus, data were gathered to determine the extent to which 5°C affected older 
adults’ skin temperature, and to establish whether decrements in dexterous 
ability occurred at similar finger and hand skin temperatures. 
 
There is also the aspect of safety, as low skin temperatures (6°C) can cause 
damage to nerves (Morton and Provins, 1960).  Thus, termination criteria 
were established and followed in this study.  For hand skin temperature the 
minimum threshold was set at 12°C and for finger skin temperature it was 
8°C.  Skin temperature levels were based on recommendations by Heus et al. 
(1995) and James Goodwin (Head of Research, Age UK, 02/07/2009); these 
temperatures are also within a safe range as detailed by British Standards 
Institution (1998b).  If a participant exceeded any of these temperature 
thresholds at any point, they were withdrawn from the cold chamber and the 
experiment stopped. 
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Skin temperatures were monitored on the participant’s dominant hand, on the 
palm side of the hand on the middle phalanx of the index finger and on the 
centre of the back of the hand; see Figure 4.17.  The measures were 
recorded at 10 second intervals into a data-logger (Squirrel. Grant, UK). 
 
  Figure 4.17. Positioning of the skin temperature sensors 
(thermocouples) 
 
4.9.2. Blood pressure 
Blood pressure was measured with all participants due to the risks outlined in 
section 4.2.1.2.  A wrist blood pressure monitor was used (OMRON R7), 
which was clinically validated (British Hypertension Society, 2004).  
Measurement was undertaken in accordance with the instructions, as shown 
in Figure 4.18, and was taken before entering the cold environment, after 5, 
20 and 35 minutes in the cold environment, and then at 5 minute intervals 
after leaving the cold environment until it had returned to normal.  Every blood 
pressure reading was taken twice in order to verify each reading.  
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Figure 4.18. Measuring participant’s blood pressure 
 
Termination criteria for blood pressure was 180mmHG/99mmHG; as 
confirmed by the University’s Consultant Occupational Physician, University 
Occupational Health Adviser and James Goodwin (Head of Research, Age 
UK, 02/07/2009). 
4.10. Subjective measure 
4.10.1. Subjective comfort 
A participant’s subjective response to the cold was also monitored throughout 
the cold exposure.  This was to ensure they were not experiencing any 
untoward stress or discomfort during the trial.  Subjective judgement scales 
on thermal conditions were used from British Standards Institution (2001).  
Colour was added to the scales to assist participant’s interpretation of them.  
Participants were asked the questions detailed in Figure 4.19 directly after 
each blood pressure measure during the cold exposure part of the 
experiment. 
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Figure 4.19. Subjective thermal comfort scales used as part of participant 
monitoring (scales developed from British Standards Institution, 2001) 
 
The experiment was terminated if the participants’ response to Q1 or Q3 was 
-5, and 0 to Q2 or Q4.  
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4.11. Termination criteria summary 
The termination criteria detailed in section 4.9 is summarised in Table 4.2.   If 
a participant exceeded any one of these criteria at any point, they were 
withdrawn from the cold chamber and the experiment stopped. 
 
Table 4.2. Termination criteria used throughout the cold exposure section of 
the experiment  
 
Measurement Withdrawal Criteria 
Blood Pressure                                     
(either 1st or 2nd BP reading) 
Either systolic pressure exceeded 180mmHg or 
diastolic pressure exceeded 99mmHg. 
Dorsal Skin Temperature Temperature drops below 12°C 
Fingertip Skin Temperature Temperature drops below 8°C 
Subjective question 1 
“How are you feeling at the moment?” Response= -5 (extremely cold) 
Subjective question 2 
“How do you find this?” Response = 0 (complete discomfort) 
Subjective question 3 
“How do your hands feel?” Response = 5 (extremely cold) 
Subjective question 4 
“Is this environment in your opinion...” Response = 0 (Unbearable) 
4.12. Experimental measures 
4.12.1. Climatic measures 
Air temperature was monitored in both the neutral and cold environments to 
ensure environmental parameters were consistent for all participants.  In the 
thermo-neutral environment a wall mounted mercury thermometer (°C) was 
used.  In the climatic chamber, air temperature was recorded into a data-
logger (Squirrel. Grant, UK) every 60 seconds.  Other environmental 
parameters, such as humidity were kept within an optimum range (40%-50%), 
and air velocity was negligible (~0ms-1).  This helped to ensure the validity of 
the experimental findings i.e. whether reducing the ambient air temperature to 
5°C causes a decrease in older adults’ dexterity.  
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4.13. Clothing 
In order to replicate real world scenarios as closely as possible, each 
participant was asked to bring their own winter clothes (suitable for 
temperatures of 5°C) to wear in the climatic chamber.  The only item of winter 
clothing they did not wear was gloves as the experiment was concerned with 
the effect of the cold on the hand/dexterity.  Gloves are another variable that 
are known to influence dexterity.  In a study conducted by Havenith and 
Vrijkotte (1993), it was found that wearing gloves decreased fine finger 
dexterity by up to 70% and hand dexterity by up to 40% in comparison to un-
gloved hands.  Currently, there is no data that simultaneously details the 
effects of the cold and gloves on dexterity.  However, in relation to this study, 
measuring the effects of the cold and gloves in one experiment is not 
practical, i.e. participants would have to spend prolonged time in the cold and 
would have to conduct double the number of tests which could easily result in 
fatigue, discomfort and significantly increased blood pressure. 
4.14. Participants 
4.14.1. Ethical clearance 
Ethical clearance for the study was obtained from Loughborough University’s 
Ethical Advisory Committee (Ref No: R09-P60).  All participants were required 
to answer a health screening questionnaire over the phone prior to being 
recruited for the experiment to ensure they had no conditions that could be 
adversely affected by the cold.  In particular, people were excluded if they had 
any previous history of cold related injury or illness; peripheral vascular 
disorders especially those that are exacerbated in cold temperatures (e.g. 
Raynaud’s Disease); cardiovascular disorders or abnormalities; hypertension 
with a resting diastolic exceeding 90mmHg; hypertension who have previously 
suffered a heart attack or stroke or have any additional medical condition; 
angina pectoralis; any form of diabetes; severe arthritis or a clinically 
diagnosed musculoskeletal disorder.  This criterion was verified as 
satisfactory and safe by the University’s Consultant Occupational Physician, 
University Occupational Health Adviser and by James Goodwin (Head of 
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Research, Age UK, 02/07/2009).  The ethical proposal, clearance form and 
the health screen questionnaire that was used is detailed in Appendix A2.  
4.14.2. Recruitment 
Participants were recruited from the Borough of Charnwood (Leicestershire) 
for this study.  The participants were recruited through Loughborough 
University’s ‘participant database’ - a database of people who are willing to 
take part in research trials that the University is conducting.  Participants were 
also recruited from the University of the Third Age (U3A) and from 
advertisements posted on bulletin boards in day centres, retirement homes 
and local newspapers. 
 
4.14.3. Sampling strategy 
Since there is a lack of specific information on the prevalence of dexterity 
disorders affecting older adults (+65 years) in the UK, it was not possible to 
recruit a quota sample.  Thus, a purposive sampling strategy was used to 
recruit a highly variant sample of users with mixed dexterous abilities.  As 
previously detailed, arthritis is the most common condition affecting dexterity, 
with approximately nine million suffers in the UK (Arthritis Research UK, 
2009).  Unfortunately, up-to-date prevalence figures for older adults (+65 
years) suffering from arthritis is not available.  Thus, the prevalence statistic 
‘arthritis affects 1 in 5 adults in the UK’ (i.e. 20%) (McCormick et al, 1995) was 
used to ensure the sample consisted of approximately the correct proportion 
of arthritis suffers in relation to the UK population.   
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4.15. Study Design 
A repeated measures study design was chosen for Study 1 for the reasons 
given in section 3.4.  However, such designs can be prone to order and carry-
over effects (Shuttleworth, 2009d).  Potential order and carry-over effects 
were mitigated in Study 1 through the counter balancing of conditions and 
dexterity measures.  More specifically, to avoid these effects, participants 
were randomly assigned the order that they experienced the two 
environmental conditions i.e. order 1: thermo-neutral then cold; order 2: cold 
then thermo-neutral.  An equal number of participants were assigned to each 
order.  A Balanced Latin Square (6x6) was also used to determine the 
presentation order of the tests in each condition.  A balanced Latin Square 
ensures the risks of carry-over effects are much lower as one test never 
directly follows another on more than one occasion (Davis and Rose, 2000).   
 
After the dexterity measures were revised there were only five tests in each 
condition, which meant a balanced Latin Square could no longer be used, but 
a Latin Square could.  Latin Squares do however suffer from carry-over 
effects as the randomised order still results in certain tests following each 
other on more than one occasion.  However, carry-over effects were avoided 
through using two Latin Squares, with the second Latin Square being a mirror 
image of the first, as a result every test only follows another two times 
(Shuttleworth, 2009a).  This can be seen detailed in Table 4.3.   
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Table 4.3. Latin Square design used to counter-balance dexterity measures 
 
Order 1 1 2 5 3 4 
Order 2 2 3 1 4 5 
Order 3 3 4 2 5 1 
Order 4 4 5 3 1 2 
Order 5 5 1 4 2 3 
      
Order 6 4 3 5 2 1 
Order 7 5 4 1 3 2 
Order 8 1 5 2 4 3 
Order 9 2 1 3 5 4 
Order 10 3 2 4 1 5 
Key 
1 = Purdue Pegboard 
2 = Mobile Phone task 
3 = Moberg Pick-up test 
4 = Stylus task 
5 = Touch Screen task 
 
4.16. Procedure  
Prior to attending the study, all participants were sent an information pack 
through the post that contained their completed health screen questionnaire, a 
map and a Participant Information Sheet (Appendix A3) that contained full 
details of the study.  On arrival, each participant’s health screen questionnaire 
was checked to ensure it had been completed correctly.  Each participant was 
then asked if they had read the participant information sheet and whether they 
had any questions.  Participants were then asked to read and sign a consent 
form (Appendix A3) which gave their consent to take part in the study and for 
any photos taken to be used afterwards in publications and presentations.   
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Each participant’s resting blood pressure and skin temperature were checked 
and recorded on arrival.  This was done for two reasons; 1) if the participant 
had experienced the cold environment first, the experimenter could ensure the 
participant had returned back to normal before conducting the measures in 
the thermo-neutral environment, 2) if the participant had experienced the cold 
environment second, the experimenter could ensure the participant had 
returned back to normal before leaving. 
 
Before all participants entered the cold chamber they were asked to change 
into their winter clothes.  Skin temperature measures were then attached and 
they were led into the cold chamber.  Participants were asked to sit down and 
hold the subjective thermal assessment card in front of them with both hands 
for 20 minutes.  This was to stop participants rubbing their hands together, or 
putting them on their lap to keep them warm.  During the cold exposure period 
all participants’ blood pressure, skin temperature and subjective 
comfort/discomfort was recorded.  These will be discussed in more detail in 
Chapter 4c.  Prior to conducting each measure, participants were read out the 
verbal instructions of what they had to do, they were then given a practice go 
(apart from with the Secateurs task and Moberg Pick-up Test) and then the 
measure was conducted.  After leaving the cold environment, participants 
were then seated in the thermo-neutral environment until their blood pressure 
and skin temperature returned back to normal.   
 
4.17. Conclusion 
A practical and reliable experimental procedure and protocol were determined 
for Study 1: The effects of an everyday cold temperature.  The methodology 
detailed was used to gather accurate and relevant older adult context 
capability data, thus achieving objective 3 for the dexterity element of this 
research.  The results of Study 1 and the answers to RQ1 and RQ4 are 
detailed and discussed in Chapter 4c. 
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Chapter 4c: 
Study 1: Effects of an everyday cold 
temperature: Results  
 
The following research objective is addressed within this section of Chapter 4: 
 
Objective 4: To conduct statistical analysis on the data to determine the 
extent context of use affects older adults’ capability 
4.18. Introduction 
Detailed within this chapter are the results from Study 1, which provide 
answers to the following research questions: 
RQ1 To what extent will an everyday cold temperature of 5°C affect the 
fine finger dexterity and the grip strength of older adults?  
RQ4 Are component function dexterity measures good predictors of 
dexterous product interaction capability? 
 
The independent variable (IV) manipulated in this study was temperature.  
The levels which the independent variables were tested at are detailed in 
Table 4.4.   
 
Table 4.4. Independent variable levels tested 
 
Condition Temperature 
Thermo-neutral 19-24°C 
Cold 5°C 
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4.19. Sample 
A total of 38 participants were recruited for the study; seven participants had 
to be removed from the cold chamber as their blood pressure exceeded the 
safe limits set (i.e. 180/99mmHG).  No participants were removed due to skin 
temperature levels or subjective ratings of comfort.  31 participants (11 
male/20 female), aged between 65 to 81 years (mean age = 70) completed 
the study.  A total of 6 participants (20% of the sample) had arthritis which 
was in line with the arthritis prevalence statistic detailed in section 4.14.3.  A 
slightly bigger sample size was hoped for; however, during recruitment there 
was a lack of enthusiasm from potential participants to sit in a cold chamber 
for 45 minutes, especially as the trials were taking place during the summer. 
 
As previously stated in section 4.4.5 the data was analysed after 14 
participants had completed the experiment.  The analysis results showed 
there to be no significant (p>0.05) difference with the Power Grip, Pinch Grip 
and Secateurs task measures between the cold and thermo-neutral 
conditions.  These three measures were removed from the experiment as a 
result of findings and two additional measures were included (stylus and touch 
screen task).  Due to these changes, the sample size for each of the 
measures used varies slightly.  The sample size for each measure is detailed 
within section 4.22; however, a summary of this information is provided in 
Table 4.5. 
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Table 4.5. Sample size for each measure 
 
Measure No. of Participants 
(n) 
Purdue Pegboard 31 
Power Grip 14 
Pinch Grip 14 
Mobile Phone task 31  
Secateurs task 14 
Moberg Pick-up Test 30 
Stylus task 17 
Touch Screen task 17 
 
4.20. Skin and air temperature 
Both hand and finger skin temperatures significantly reduced during cold 
exposure. Mean finger skin temperature (FST) in the thermo-neutral 
environment was 31°C.  When completing the dexterity measures in the cold, 
mean FST ranged between 25.1°C to 16.8°C.  Mean hand skin temperature 
(HST) in the neutral environment was 31.3°C.  When completing the dexterity 
measures in the cold, mean HST ranged between 27.1°C to 22.3°C.  
Generally speaking, finger skin temperature was always lower than hand skin 
temperature, as shown in Figure 4.20.     
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Figure 4.20. Mean finger and hand skin temperatures 
 
Air temperature was also monitored in the neutral and cold environments.  In 
the neutral environment mean air temperature was 21.5°C (SD = 0.75), and in 
the cold environment it was 5°C (SD= 0.25).   
4.21. Preparing data for analysis 
All data were checked for errors and outliers.  Outliers were identified 
statistically through the use of box plots; scores identified as extreme outliers, 
i.e. scores which extend more than three box-lengths (z>3) from the edge of 
the box, were removed (Howitt and Cramer, 2008). Only one outlier was 
indentified and removed (P5 Mobile Phone – thermo-neutral).  The box-plots 
used to identify potential outliers are detailed in Appendix A4.   
 
4.21.1. Normal distribution of data 
All data sets apart from the Secateurs were checked to see whether they 
were normally distributed to determine whether parametric or non-parametric 
statistical techniques were appropriate for analysis.  The data generated from 
the Secateurs task was ordinal data as the participant scores (values) can 
only be put in order from easiest (3mm =  a score of 1) to hardest (12mm = a 
score of 6); thus non-parametric methods were used.   A significant skewness 
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calculation detailed by Howitt and Cramer (2008) was used to check for 
normality, i.e. skewness / standard error of skewness = <1.96 normally 
distributed data. The statistical skew calculations, descriptive statistics and 
histograms for each dataset are detailed in Appendix A5.  Results from these 
calculations for all dexterity measures are detailed in Table 4.6. 
 
Table 4.6. Significant skew calculation results for dexterity tests and real world 
tasks 
 
Dexterity measure Neutral Cold 
Purdue Pegboard -0.97 -0.49 
Sig skewed No No 
Power Grip 0.5 1.34 
Sig skewed No No 
Pinch Grip 0.73 1.12 
Sig skewed No No 
Mobile phone 1.65 1.44 
Sig skewed No No 
Moberg Pick-up Test 1.92 -0.45 
Sig skewed No No 
Stylus task -0.025 1.74 
Sig skewed No No 
Touch Screen task 0.75 0.03 
Sig skewed No No 
 
Table 4.6 shows that all 14 data sets were normally distributed i.e. the 
significance of the skew was <1.96.   
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4.22. RQ1: Results 
RQ1: To what extent will an everyday cold temperature of 5°C affect the fine 
finger dexterity and the grip strength of older adults?  
 
Paired samples statistical techniques were used to determine a) whether 
there was a significant decrease in performance due to cold exposure, and b) 
the extent to which performance decreased.  Paired samples t-tests were 
used on the parametric datasets and a Wilcoxon Signed Ranks test was used 
to analyse the non parametric data i.e. Secateurs.  In particular, these 
methods were considered suitable as the dependent variable(s) were 
repeated across the participants in two different conditions (Pallant, 2007).  
The 1-tailed significance values have been quoted in the results, as evidence 
from all the previous studies reviewed (Chapter 2b, section 2.9) showed a 
reduction in dexterity due to the cold.  
 
The results for RQ1 are presented in the following order:  
• Analysis technique used (paired t-tests or Wilcoxon Signed Ranks 
test); 
• Descriptive statistics (n, mean and standard deviation (SD) values); 
• Error bar graph displaying mean and ±1SD values for each dataset 
being compared;    
• Paired comparison results. 
 
Appendix A6 details the SPSS code and results tables for the paired 
comparisons conducted on each dataset.  
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4.22.1. Component function measures 
4.22.1.1. Purdue Pegboard: fine finger dexterity 
A participant’s score for the Purdue Pegboard was the total number of pins 
inserted (by the right/left/both hands) across the three 30 second subtests, 
see section 4.7.1 for further details.  Descriptive statistics for the Purdue 
Pegboard in both the thermo-neutral and cold environment are provided in 
Table 4.7 and Figure 4.21. 
 
Table 4.7.  Descriptive statistics for Purdue Pegboard 
 
Purdue Pegboard n Mean      
(R+L+B pins) 
Standard Deviation      
(No. of pins) 
Thermo-neutral 31 37 4.7 
Cold 31 34 3.4 
 
 
Figure 4.21. Plot of mean and standard deviation values for the Purdue 
Pegboard in the thermo-neutral and cold environment 
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Table 4.8 details the results from the paired t-test analysis on the Purdue 
Pegboard capability data between the neutral and cold environments. The 
effect size statistic eta squared was calculated using the following formula: 
𝐸𝑡𝑎 𝑠𝑞𝑢𝑎𝑟𝑒𝑑 = 𝑡2
𝑡2 + (𝑁 − 1) 
  
Table 4.8. Perdue Pegboard significance results between neutral and cold 
environments 
 
Paired comparison 
(environments) 
Sig 
(1-tailed) 
t Eta 
squared 
Neutral - cold  p = 0.000 4.984 0.45 
The effect size criteria given by Cohen (1988) for parametric statistics of 0.01 = small effect, 
0.06 = moderate effect and 0.14 = large effect has been used. 
 
 
The paired samples t-tests revealed there was a statistically significant 
decrease in fine finger dexterity between the neutral environment (M = 37 
pins, SD = 4.7 pins) to the cold environment (M = 34 pins, SD = 3.4 pins), 
t(30) = 4.984, p<0.05 (1-tailed).  The mean decrease in fine finger dexterity 
was 2.8 pins with a 95% confidence interval ranging from 1.7 to 4 pins.  The 
eta squared statistic (0.45) indicated a large effect size.   
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4.22.1.2. Power Grip  
Power Grip strength measured the maximal grip strength (kg) a person can 
exert with their dominant hand (measured by squeezing together the middle 
joints of all 4 fingers and the palm).  The maximum force was measured in 
kilograms and was repeated three times then mean averaged for each 
participant’s score.  Descriptive statistics for the Power Grip strength results in 
both the thermo-neutral and cold environment are provided in Table 4.9 and 
Figure 4.22. 
 
Table 4.9. Descriptive statistics for Power Grip 
  
Power Grip n Mean         
(kgs) 
Standard Deviation      
(kgs) 
Thermo-neutral 14 29.7 11.3 
Cold 14 28.9 11.1 
 
 
Figure 4.22. Plot of mean and standard deviation values for Power Grip 
strength in thermo-neutral and cold environments 
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Table 4.10 details the results from the paired t-test analysis on Power Grip 
strength between the neutral and cold environments.  
 
Table 4.10. Power Grip strength significance results between neutral and cold 
environments 
 
Paired comparison 
(environments) 
Sig 
(1-tailed) 
t Eta 
squared 
Neutral - cold  p = 0.114 1.267 0.1 
The effect size criteria given by Cohen (1988) for parametric statistics of 0.01 = small effect, 
0.06 = moderate effect and 0.14 = large effect has been used. 
 
 
The paired samples t-tests revealed there was not a statistically significant 
decrease in Power Grip strength between the thermo-neutral environment    
(M = 29.7kgs, SD = 11.3kgs) to the cold environment (M = 28.9kgs, SD = 
11.1kgs), t(13) = 1.267, p>0.05 (1-tailed).  The mean decrease in Power Grip 
strength was -0.8kgs.  The eta squared statistic (0.1) showed a moderate 
effect size; however this was not significant. 
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4.22.1.3. Pinch Grip  
Pinch Grip strength measured the maximal force that can be exerted between 
the index finger and thumb pulps.  The maximum force was measured in 
kilograms and was repeated three times then mean averaged for each 
participants score.  Descriptive statistics for the Pinch Grip Strength results in 
both the neutral and cold environment are provided in Table 4.11 and Figure 
4.23. 
 
Table 4.11.  Descriptive statistics for Pinch Grip strength 
  
Pinch Grip n Mean         
(kgs) 
Standard Deviation      
(kgs) 
Thermo-neutral 14 5.8 1.6 
Cold 14 5.5 1.5 
 
 
Figure 4.23. Plot of mean and standard deviation values for Pinch Grip 
strength in thermo-neutral and cold environments 
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Table 4.13 details the results from the paired t-test analysis on the Pinch Grip 
Strength capability data between the neutral and cold environments.  
 
Table 4.13. Pinch Grip strength significance results between thermo-neutral 
and cold environments 
 
Paired comparison 
(environments) 
Sig 
(1-tailed) 
t Eta 
squared 
Neutral - cold  p = 0.1 1.387 0.12 
The effect size criteria given by Cohen (1988) for parametric statistics of 0.01 = small effect, 
0.06 = moderate effect and 0.14 = large effect has been used. 
 
The paired samples t-tests revealed there was not a statistically significant 
decrease in Pinch Grip strength between the thermo-neutral environment     
(M = 5.8kgs, SD = 1.6kgs) to the cold environment (M = 5.5kgs, SD = 1.5kgs), 
t(13) = 1.387, p>0.05 (1-tailed).  The mean decrease in Pinch Grip strength 
was -0.3kgs.  The eta squared statistic (0.12) showed a moderate effect size; 
however this was not significant. 
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4.22.2. Product tasks 
The following section will detail the analysis results from the Mobile Phone, 
Secateurs, Moberg Pick-up Test, Stylus task and the Touch Screen task. 
4.22.2.1. Mobile Phone task 
For this task participants were timed how long they took, in seconds (secs), to 
enter an eleven digit number into a mobile phone (NOKIA 3210e).  The task 
was repeated twice, in both conditions; task performance was then mean 
averaged for each participant.  Descriptive statistics for performance on the 
Mobile Phone task in both environments are provided in Table 4.14 and 
Figure 4.24. 
Table 4.14.  Descriptive statistics for the Mobile Phone task 
 
Mobile phone n Mean         
(secs) 
Standard Deviation      
(secs) 
Thermo-neutral 30 11.2 2.6 
Cold 30 11.9 2.7 
 
 
Figure 4.24. Plot of mean and standard deviation values (secs) for Mobile 
Phone task completion in the thermo-neutral and cold environments 
Chapter 4c: Study 1: Effects of an everyday cold temperature: Results 
129 
 
Table 4.15 details the results from the paired t-test analysis on the Mobile 
Phone task data between the thermo-neutral and cold environments.  
 
Table 4.15. Mobile Phone significance results between thermo-neutral and 
cold environments 
 
Paired comparison 
(environments) 
Sig 
(1-tailed) 
t Eta 
squared 
Neutral - cold p = 0.017 -2.231 -0.18 
The effect size criteria given by Cohen (1988) for parametric statistics of 0.01 = small effect, 
0.06 = moderate effect and 0.14 = large effect has been used. 
 
The paired samples t-tests revealed there was a statistically significant 
increase in the time taken to complete the Mobile Phone task between the 
thermo-neutral environment (M = 11.2 secs, SD = 2.6 secs) to the cold 
environment (M = 11.9 secs, SD = 2.7 secs), t(29) = -2.231, p<0.05 (1-tailed).  
The mean increase in time to complete the test was 0.7 secs with a 95% 
confidence interval ranging from 0.06 to 1.4 secs.  The eta squared statistic   
(-0.18) indicated a large effect size.   
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4.22.2.2. Secateurs 
Participants were asked to cut through increasing thicknesses of wooden 
dowel (3, 5, 6, 9, 10 and 12 mm diameters) using a pair of B&Q Deluxe 
Branch Secateurs.  The participants score was the maximum thickness of 
dowel that they could cut through.  The data generated from the Secateurs 
task was ordinal data as the participant scores (values) could only be put in 
order from easiest (3mm =  a score of 1) to hardest (12mm = a score of 6) , 
thus a Wilcoxon Signed Ranks Test was used to analyse the data.  
Descriptive statistics for performance on the Secateurs task in both 
environments are provided in Table 4.15 and Figure 4.25. 
 
Table 4.15. Descriptive statistics for the Secateurs task 
 
Secateurs n Median 
(difficulty)  
IQR 
Thermo-neutral 14 2 2 
Cold 14 2 2 
 
 
Figure 4.25. Box-plots detailing median and IQR for the Secateurs task in the 
thermo-neutral and cold environments 
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Table 4.16 details the results from the Wilcoxon Signed Ranks Test analysis 
on the Secateurs task data between the thermo-neutral and cold 
environments:  Effect size = z
√𝑛
 
 
Table 4.16. Significance results for the Secateurs task between the thermo-
neutral and cold environment 
 
Paired comparison 
(environments) 
Asymp. Sig 
(1 tailed) 
z Effect size 
(r) 
Neutral - cold p = 0.08 -1.414 -0.37  
The effect size criteria given by Cohen (1988) for non-parametric statistics of 0.1 = small 
effect, 0.3 = medium effect and 0.5 = large effect has been used. 
 
The Wilcoxon Signed Rank Test revealed a non-significant reduction in 
Secateurs task performance between the thermo-neutral and cold 
environment, z = -1.414, p>0.05 with a medium effect size (r = -0.37).  The 
median performance scores did not decrease from the thermo-neutral 
environment (Md = 2) to the cold environment (Md = 2). 
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4.22.2.3. Moberg Pick-up test 
Task performance for the Moberg Pick-up Test was the time taken (seconds) 
to pick up a selection of 12 real world objects from a table and place them in a 
container as quickly as possible.  The test was repeated twice and 
performance was mean averaged.  The sample size for this measure was 
n=30 as one participant was unable to complete this task due to having nail 
extensions which meant they were unable to pick-up the objects off a flat 
surface.  Descriptive statistics for performance on the Moberg Pick-up test in 
both environments are provided in Table 4.17 and Figure 4.26. 
 
Table 4.17. Descriptive statistics for the Moberg Pick-up Test 
 
Moberg Pick-up Test n Mean         
(secs) 
Standard Deviation      
(secs) 
Thermo-neutral 30 13.7 2 
Cold 30 15 1.9 
 
 
 
Figure 4.26. Plot of mean and standard deviation values (secs) for Moberg 
Pick-up test completion in the thermo-neutral and cold environment 
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Table 4.18 details the results from the paired t-test analysis on the Moberg 
Pick-up test data between the thermo-neutral and cold environments.  
 
Table 4.18. Moberg Pick-up Test significance results between thermo-neutral 
and cold environment 
 
Paired comparison 
(environments) 
Sig 
(1-tailed) 
t Eta 
squared 
Neutral - cold  p = 0.000 -4.002 -0.38 
The effect size criteria given by Cohen (1988) for parametric statistics of 0.01 = small effect, 
0.06 = moderate effect and 0.14 = large effect has been used. 
 
The paired samples t-tests revealed there was a statistically significant 
increase in the time taken to complete the Moberg Pick-up test between the 
neutral environment (M = 13.7 secs, SD = 2 secs) to the cold environment   
(M = 15 secs, SD = 1.9 secs), t(29) = -4.002, p<0.05 (1-tailed).  The mean 
increase in time to complete the test was 1.3 secs with a 95% confidence 
interval ranging from 0.6 to 1.9 secs.  The eta squared statistic (-0.38) 
indicated a large effect size.   
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4.22.2.4. Stylus task 
Stylus task performance was the time taken, in seconds, to enter an 11 digit 
equation into a touch screen device (HP iPAQ 114 Classic Handheld) using a 
stylus.  The test was repeated twice and performance was mean averaged for 
each condition. Descriptive statistics for the Stylus task in both environments 
are provided in Table 4.19 and Figure 4.27. 
 
Table 4.19.  Descriptive statistics for Stylus task 
 
Stylus task n Mean         
(secs) 
Standard Deviation      
(secs) 
Thermo-neutral 17 11.6 2.4 
Cold 17 11.6 1.8 
 
 
Figure 4.27. Plot of mean and standard deviation values (secs) for Stylus task 
completion in the thermo-neutral and cold environments 
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Table 4.20 details the results from the paired t-test analysis on the Stylus task 
between the thermo-neutral and cold environment.  
 
Table 4.20. Stylus task significance results between thermo-neutral and cold 
environment 
 
Paired comparison 
(environments) 
Sig 
(1-tailed) 
t Eta 
squared 
Neutral - cold  p = 0.45 0.118 0.001 
The effect size criteria given by Cohen (1988) for parametric statistics of 0.01 = small effect, 
0.06 = moderate effect and 0.14 = large effect has been used. 
 
 
The paired samples t-tests revealed there was not a statistically significant 
decrease in Stylus task performance between the neutral environment         
(M = 11.6 secs, SD = 2.4 secs) to the cold environment (M = 11.6secs, SD = 
1.8 secs), t(16) = 0.118, p>0.05 (1-tailed).  The mean time to complete the 
task remained constant in both environments.  The eta squared statistic 
(0.001) showed a very small effect size. 
  
Chapter 4c: Study 1: Effects of an everyday cold temperature: Results 
136 
 
4.22.2.5. Touch Screen task 
Touch Screen task performance was the time taken, in seconds, to enter a 
short sentence (20 character spaces) into an ‘i-pod touch’ using a touch 
screen device.  The test was repeated twice in each condition and 
performance was mean averaged.  Descriptive statistics for the Touch Screen 
task in both environments are provided in Table 4.21 and Figure 4.28. 
 
Table 4.21.  Descriptive statistics for the Touch Screen task 
 
Touch Screen task n Mean         
(secs) 
Standard Deviation      
(secs) 
Thermo-neutral 17 16.1 3.9 
Cold 17 16.5 3.6 
 
 
Figure 4.28. Plot of mean and standard deviation values (secs) for Touch 
Screen task completion in the thermo-neutral and cold environments 
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Table 4.22 details the results from the paired t-test analysis on the Touch 
Screen task between the thermo-neutral and cold environment.  
 
Table 4.22. Touch Screen significance results between neutral and cold 
environments 
 
Paired comparison 
(environments) 
Sig 
(1-tailed) 
t Eta 
squared 
Neutral - cold  p = 0.24 0.730 0.03 
The effect size criteria given by Cohen (1988) for parametric statistics of 0.01 = small effect, 
0.06 = moderate effect and 0.14 = large effect has been used. 
 
The paired samples t-tests revealed there was not a statistically significant 
decrease in Touch Screen task performance between the neutral environment 
(M = 16.1 secs, SD = 3.9 secs) to the cold environment (M = 16.5 secs, SD = 
3.6 secs), t(16) = 0.730, p>0.05 (1-tailed).  The mean increase in Touch 
Screen task completion was 0.4 secs.  The eta squared statistic (0.03) 
showed a small effect size. 
 
 
  
Chapter 4c: Study 1: Effects of an everyday cold temperature: Results 
138 
 
4.23. Results summary 
The average performance scores for all dexterity measures in both the neutral 
and cold environments are detailed in Table 4.23, along with the 95% 
confidence interval of the difference.  For all measures, apart from the 
Secateurs, the mean values are presented; for the Secateurs the median 
values are presented as the data was non-parametric. 
 
Table 4.23. Average dexterous performance in neutral and cold environments 
 
  
 
Average performance 
 95% Confidence 
Interval of the 
Difference 
Dexterity 
measure 
Neutral 
(SD) 
Cold 
(SD) 
% difference in 
performance 
Lower 
(%) 
Upper 
(%) 
Purdue Pegboard 
(Total  no. Pins) 
M = 37 
(SD = 4.7) 
M = 34 
(SD = 3.4) 
-8% -1.7 
(-4.5%) 
-4 
(-11%) 
Power Grip 
 (kg) 
M = 29.7 
(SD = 11.3) 
M = 28.9 
(SD = 
11.1) 
-2.5% 0.6 
(2%) 
-2.4 
(-8%) 
Pinch Grip  
(kg) 
M = 5.8 
(SD = 1.6) 
M = 5.5 
(SD = 1.5) 
-5%  0.1 
(2%) 
-0.6 
(-10%) 
Mobile Phone  
(secs) 
M = 11.2 
(SD = 2.6) 
M = 11.9 
(SD = 2.7) 
6% 0.06 
(0.5%) 
1.4 
(12.5%) 
Secateurs 
(1=easiest  
5=hardest) 
Med = 2 
(IQR = 2) 
Med = 2 
(IQR = 2) 
0%   
Moberg Pick-up 
Test  
(secs) 
M = 13.7 
(SD = 2) 
M = 15 
(SD = 1.9) 
9% 0.6 
(4%) 
1.9 
(14%) 
Mobile Phone  
(secs) 
M = 11.2 
(SD = 2.6) 
M = 11.9 
(SD = 2.7) 
6% 0.06 
(0.5%) 
1.4 
(12.5%) 
Stylus  
(secs) 
M = 11.6 
(SD = 2.4) 
M = 11.6 
(SD = 2.8) 
0% 0.7 
(6%) 
-0.8 
(-7%) 
Touch Screen  
(secs) 
M = 16.1 
(SD = 3.9) 
M = 16.5 
(SD = 3.6) 
2.5% 1.6 
(10%) 
-0.8 
(-5%) 
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For certain dexterity measures a decrease in score represents a reduction in 
performance (Power Grip, Pinch Grip, Purdue Pegboard and Secateurs 
measures).  For the timed measures (Moberg Pick-up test, Mobile Phone, 
Stylus and Touch Screen) the opposite is true: an increase in score or a 
positive value represents a decrease in performance and vice-versa for 
negative values. Thus, by plotting decrements in performance on a graph it is 
possible to compare performance across tasks on one scale, i.e. % change in 
performance (see Figure 4.29).   
 
Figure 4.29. Mean reduction in performance with 95% confidence intervals 
compared to the thermo-neutral environment 
 
A reduction in mean dexterous performance was observed with Purdue 
Pegboard (-8%), Power Grip (-2.5%), Pinch Grip (-5%), Mobile Phone task (-
6%), Moberg Pick-up Test (-9%) and the Touch Screen (-2.5%).  However, 
average performance with the secateurs (0%) did not alter; neither did 
performance on the Stylus task (0%).  Paired t-tests and a Wilcoxon Signed 
Ranks test were used to determine whether any of these differences were 
statistically significant.  The results from this analysis are summarised in 
Tables 4.24 and 4.25. 
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Table 4.24. Significance results for parametric dexterity measures 
 
Dexterity measure Paired comparison 
(Significance) Thermo - cold 
Purdue Pegboard t(30) = 4.984, p = .000 
 Significant 
Power Grip t(13) = 1.267, p = .114 
 Not significant 
Pinch Grip t(13) = 1.387, p = .100 
 Not significant 
Mobile phone t(29) = -2.231.  p= .017 
 Significant 
Moberg Pick-up Test t(29) = -4.002, p = .000 
 Significant 
Stylus task t(16) = 0.118, p=.450 
 Not significant 
Touch Screen task t(16) = 0.730, p = .240 
 Not significant 
Results were deemed significant at the p<0.05 level 
 
Table 4.25. Significance result for non-parametric dexterity measure 
 
Dexterity measure Paired comparison 
(Significance) Thermo - cold 
Secateurs task  z = -1.414, p = .080 
Significance Not significant 
Results were deemed significant at the p<0.05 level 
Results from the paired t-test analysis revealed that the cold environment had 
a significant (p<0.05) effect on performance with the Purdue Pegboard, 
Moberg Pick-up test and the Mobile Phone task.  However, results also 
showed the cold environment did not significantly (p>0.05) affect dexterous 
performance on either of the grip strength tests (Power and Pinch), even 
though a mean decrease in performance was observed with both measures.  
Also, the cold did not significantly affect performance with the real world 
gripping task (Secateurs) either.  Furthermore, performance on the Stylus and 
Touch Screen task were not significantly affected by the cold (p>0.05).    
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4.24. RQ4: Results 
RQ4  Are component function dexterity measures good predictors of 
dexterous product interaction capability? 
 
Correlation coefficients were calculated to determine whether the component 
function dexterity measures used were good predictors of a person’s 
dexterous capability with products in both thermo-neutral and cold 
environments.  For the parametric datasets, Pearson’s correlation coefficients 
(r) were used to calculate the strength of the relationships, and, for the 
comparisons with the non parametric data (Secateurs) Spearman’s rho 
correlation coefficients (rs) were calculated. 
 
Only the thermo-neutral environment data was used in the correlation analysis 
for the following measures: Power Grip, Pinch Grip and Secateurs task, as the 
results show there being no significant changes in performance on any of 
these measures as a result of exposure to the cold.  The results from 
correlations analysis are detailed in Tables 4.26 to 4.28.  Prior to the analysis, 
all data were checked for outliers using scatter plots (see Appendix A7).  
Outliers were identified as points which were either very high, very low or 
away from the main cluster of points (Pallant, 2007).  The SPSS results tables 
for the following correlation analysis are detailed in Appendix A7.    
 
Table 4.26. Pearson’s (r) correlations between dexterity tests and real world 
tasks in the thermo-neutral environment 
 
 Mobile 
Phone 
Stylus Touch 
Screen 
Moberg 
Pick-up Test 
 (r) CoD (r) CoD (r) CoD (r) CoD 
Purdue 
Pegboard -0.5 0.25 -0.2 0.04 -0.4 0.16 -0.5 0.25 
Pinch  
Grip -- -- -- -- -- -- -0.2 0.04 
CoD = Coefficient of Determination (shared variance between the two variables) 
Grey shaded areas = p<0.05 (2 tailed) 
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Table 4.27. Spearman’s rho (rs) correlations between grip strength tests and 
the Secateurs task in the thermo-neutral environment 
 
 Secateurs 
 (rs) CoD 
Power Grip 0.7 0.49 
Pinch Grip 0.8 0.64 
Grey shaded areas = p<0.05 (2 tailed) 
 
Table 4.28. Pearson’s (r) correlations between dexterity tests and real world 
tasks in the cold 
 
 Mobile 
Phone 
Stylus Touch 
Screen 
Moberg 
Pick-up Test 
 (r) CoD (r) CoD (r) CoD (r) CoD 
Purdue 
Pegboard 
-0.4 0.16 -0.3 0.09 -0.5 0.25 -0.3 0.09 
Pinch  
Grip -- -- -- -- -- -- -0.3 0.09 
Grey shaded areas = p<0.05 (2 tailed) 
 
For the purposes of this research, guidelines detailed by Cohen (1988) have 
been used to interpret the correlation/relationship values resulting from this 
analysis.  Cohen (1998) suggests r = 0.1 to 0.29 as a small relationship,          
r = 0.3 to 0.49 as a medium relationship, and r = 0.5 to 1.0 as a large/strong 
relationship.   
 
Results from Pearson’s correlations in the thermo-neutral environment 
showed that:  
• A large/strong (negative, r=-0.5) relationship exists between the Purdue 
Pegboard and Mobile Phone task, Purdue Pegboard and the Moberg 
Pick-up Test – both the correlations were significant (p<0.05);   
• A medium strength relationship was found between Purdue Pegboard 
and the Touch Screen task (r = -0.4), however this correlation was not 
significant (p>0.05);   
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• Small (r=.02), non-significant (p>0.05) relationships were found 
between both the Purdue Pegboard and the Stylus task, and Pinch 
Grip and the Moberg Pick-up Test.  
 
Results from the Spearman’s rho correlations indicated a large/strong 
relationship between both Power and Pinch Grip and the Secateurs task 
(rs=0.7 and rs=0.8 respectively).  Both of these correlations were significant 
(p<0.05).   
 
Finally, the Pearson’s correlation coefficients for the cold environment 
showed: 
• A large/strong (negative, r=-0.5) relationship exists between the Purdue 
Pegboard and the Touch Screen task - the correlation was significant 
(p<0.05);   
• A medium strength (negative, r=-0.3) significant (p<0.05) relationship 
was found between the Purdue Pegboard and the Mobile Phone task 
(r=-0.4) 
• The relationships between Purdue Pegboard and Stylus task, Purdue 
Pegboard and Moberg Pick-up Test, and Pinch Grip and the Moberg 
Pick-up Test were all medium strength, but not significant (p>0.05). 
 
The coefficient of determination values are discussed in section 4.25.2. 
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4.25. Discussion 
The purpose of this study was to answer RQ1 and RQ4, answers to these 
questions will now be discussed.   
4.25.1. RQ1: Discussion 
RQ1 To what extent will an everyday cold temperature of 5°C affect the fine 
finger dexterity and the grip strength of older adults?  
4.25.1.1. Component function measures 
This experiment focused on three forms of dexterity, which were power grip, 
pinch grip and fine finger dexterity.  As detailed in section 2.5, these forms of 
dexterity are continuously required to use the majority of wireless information 
and communication technologies, gardening products and everyday objects 
used outside of the home environment.  The results of this study showed fine 
finger dexterity, as measured by the Purdue Pegboard, was found to be 
significantly affected (p=0.00) by the cold.  The eta squared statistic (0.45) 
indicated the cold had a large effect on this type of dexterity.  On average, 
performance on the Purdue Pegboard decreased by 8%.  The results in this 
study indicate (95% confidence) that older adults’ fine finger dexterity will 
reduce between 4.5%-11% when exposed to everyday cold temperatures 
(5°C) for periods between 20 to 40 minutes.   
 
These findings support previous research in terms of the magnitude that fine 
finger dexterity decreases as a result of being exposed to cold temperatures.  
For example, the current study found that older adults’ fine finger dexterity 
decreased, on average, by 8% when exposed to a cold temperature (5°C). 
Daanen (2009) found it decreased by 12%, Riley and Cochran (1984) found it 
decreased by 15.7% and Schieffer et al (1984) found it decreased by an 
average of 20% when exposed to cold conditions.  The findings from these 
past studies are based on young healthy adults; however, the decrements 
reported in all of these studies are slightly higher than those reported here.  
However, it is not possible to make direct comparisons to such studies in 
order to determine whether older people are at a greater or lesser 
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disadvantage in the cold.  The reason for this is that a vast number of 
differences in study parameters exist, which include exposure time, 
temperature level and clothing worn.  For example, in the Riley and Cochran 
(1984) study, participants wore fewer clothes (i.e. jeans, a long sleeved shirt, 
socks, shoes and normal undergarments) and were exposed to a lower 
temperature (1.7°C) for around 15 minutes longer.  All these parameters are 
known to have an impact on the human body’s physiological 
reaction/response to the cold, which in turn affects fine finger dexterity.   
 
Past studies (Hellstrom, 1965; Heus et al, 1995; Havenith et al, 1995;) have 
attributed the loss of fine finger dexterity to reductions in hand and finger skin 
temperatures. Both Heus et al (1995) and Hellstrom (1965) reported 
decrements in fine finger dexterity at a finger skin temperature of 20°C, and at 
a hand skin temperature of 15°C.  Results from this study indicate that 
reductions in older adults’ fine finger dexterity can occur at a finger skin 
temperature of 25.1°C and a hand skin temperature of 27°C.  Both values are 
considerably higher than those found in the previous studies.  It can thus be 
hypothesized that decrements in older adults’ fine finger dexterity can occur at 
much higher finger and hand skin temperatures than adults younger than 
themselves.  Reductions in older adults’ fine finger dexterity at a much higher 
skin temperature may be due to the morphological effects of ageing.   In 
particular, their reduced strength (caused through a decrease in muscle mass 
and muscle fibre length) may mean overcoming the effects of viscous synovial 
fluid in the joints is a lot harder; thus, decreases in fine finger dexterity occur 
at higher skin temperatures.  Decrements in older adults’ fine finger capability 
may occur at an even higher skin temperature than those reported in this 
study; however, due to the experimental protocol adopted (i.e. 20 minutes 
cooling time prior to conducting the dexterity tests) it was not possible to 
gather this data.   
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Comparison of mean Purdue Pegboard performance data (R+L+Both) to 
normative reference data for older adults (Desrosiers et al, 1995) reveals that 
the scores obtained from Study 1 are in line with the norms for the ageing 
population.  In fact, mean performance in the thermo-neutral environment was 
slightly higher (M=37) than the mean normative reference values for adults 
aged between 60-79 years (M=35).  The 8% mean performance decrease 
caused by the cold environment only meant that Purdue Pegboard 
performance in the cold (M=34) was slightly lower than the normative 
reference values for older adults in a thermo-neutral environment.  These 
findings show that even when older adults are exposed to an everyday cold 
temperature dexterous capability is not reduced beyond what is classed as 
the normal range of ability.  Thus, an everyday cold temperature does not 
necessarily change the way dexterous ability is mapped across the population 
i.e. even when exposed to an everyday cold temperature the majority of older 
people’s fine finger ability is classed as able-bodied or slightly impaired.   
 
For the power and pinch grip strength tests slight decrements in performance 
were observed, 2.5% and 5% respectively.  Surprisingly, the paired t-tests 
revealed these were not significant (p>0.05), even though the eta squared 
statistics (0.1 and 0.12) indicated the cold had a moderate effect on test 
performances.  A possible explanation for this is that participants were 
dressed warmly in their winter clothes, leaving only their hands exposed to the 
cold.  Grip strength, both power and pinch, is controlled by the extrinsic hand 
muscles in the forearm, which in this study were kept warm by the clothing 
insulation, thus not exposed to the cold temperature and its physiological 
effects.  These findings are consistent with Daanen (2009) who investigated 
the effect freezing temperatures had on the grip strength of 12 healthy males 
(mean age 27 years) from the Royal Netherlands Air Force.  The participants 
wore standard winter clothing and gloves and were exposed to -10°C for 30 
minutes; only a 3% reduction in maximal grip strength was recorded.  Again, 
extrinsic hand muscles in the forearm were kept warm by clothing.  A number 
of studies (Vincent and Tipton, 1998; Holewijn and Heus, 1992) have 
investigated what effect cooling the extrinsic forearm muscles had on the grip 
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strength of young healthy adults (18-24 years).  Cooling of the muscles was 
achieved through immersing the participant’s hand and forearm in cold water.  
Vincent and Tipton (1998) exposed participants to a series of five intermittent 
two minute cold water (5°C) immersions.  They found grip strength decreased 
significantly (p<0.01) by 16% following the immersions.  Holewijn and Heus 
(1992) investigated the effects 30 minutes forearm cooling (15°C) and 
warming (40°C) had on maximal gripping force.  Results from the study 
showed that in contrast to warming, cooling resulted in a significant (p<0.05) 
decrease of 20% maximal gripping force. Based on the current study findings, 
and in addition to previous research, it would appear that grip strength can 
remain unaffected by cold temperatures providing extrinsic hand muscles in 
the forearm can be kept warm by clothing or other means.  
4.25.1.2. Product task measures 
A total of five representative real world products/tasks were used in this 
experiment.  These were:  
1. Mobile Phone - entering an 11 digit number into a mobile phone 
(NOKIA 3210e); 
2. Secateurs - using gardening secateurs (B&Q Deluxe Branch) to cut 
through varying thicknesses of dowel; 
3. Moberg Pick-up Test - picking up a selection of 12 real world objects 
from a table and placing them into a container as quickly as possible; 
4. Stylus - entering an 11 digit equation into a touch screen device (HP 
iPAQ 114 Classic Handheld) using a stylus; 
5. Touch Screen - entering a 20 character sentence into a touch screen 
device (i-pod touch) using their fingers. 
 
Entering an 11 digit number into a mobile phone was a representative real 
world task that required fine finger dexterity.  Results from this analysis were 
consistent with the fine finger performance measure (Purdue Pegboard).  In 
particular, performance when completing the Mobile Phone task decreased by 
an average of 6%, which was significant (p <0.05).  The eta squared statistic 
(-0.18) showed the cold had a large effect on task performance.  Surprisingly, 
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a significant difference in performance on the Touch Screen task (p>0.05) 
was not found.  The dexterous actions required to complete the Touch Screen 
task are more or less the same as that required to complete the Mobile Phone 
task, i.e. gripping the product with one hand and using a finger or thumb to 
input the information with the other.  This result may be explained by the 
unfamiliar nature of the task, which required participants to use a QWERTY 
keypad on touch screen.  Not only was this unfamiliar to most participants, but 
they were also required to adopt a ‘hunt and peck’, or ‘thumbing’ (using one or 
both thumbs) method to input the text.  A number of participants commented 
that this was unfamiliar and therefore had to find each key by sight as 
opposed to by touch.  Taken together, it would appear that potential learning 
effects (even after a practice) and cognitive processing (searching for letters) 
required to complete the task, meant other factors apart from the cold may 
have contributed towards task performance.   
 
The Secateurs task required the exertion of a power grip.  Results from the 
analysis showed there was no significant (p>0.05) difference in performance 
between the neutral and cold environment; average performance (Md = 2) 
between the two environments remained unchanged.  The eta squared 
statistic (0.27) indicated the cold had a small effect on task performance.  It is 
interesting to note that in both the performance measure and the real world 
task, power grip was not affected by the cold.  Again, results would suggest 
that on a typical winter’s day, clothing worn by older adults is sufficient to 
prevent everyday cold temperatures having a physiological effect on the 
extrinsic muscles in the forearm which control grip.   
 
Results from the Moberg Pick-up Test showed the cold had a significant 
(p<0.05) effect on performance, which requires a combination of both fine 
finger dexterity and pinch grip.  On average, performance on the Moberg Pick-
up test decreased by 9%, which is of a similar magnitude to performance on 
the Purdue Pegboard (8%).  The eta squared statistic (0.38) indicated the cold 
had a large effect on this type of dexterous capability.  The results in this 
study indicate (95% confidence) that older adults’ capability to carry out tasks 
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which require a combination of fine finger dexterity and pinch grip will reduce 
between 4%-14% when exposed to an everyday cold temperature of 5°C for 
periods of between 20-40 minutes.   
 
Finally, there was the Stylus task, which required participants to enter an 11 
digit equation into a touch screen device using a stylus.  The result from this 
task showed the cold had no effect on performance, i.e. 0% change in mean 
performance between the two conditions.  Obviously no significant difference 
(p>0.05) in performance was found and the eta squared statistic (0.00) 
showed the cold had a zero effect.  This result can possibly be explained by 
the input method adopted by the participants; the stylus, held using a pinch 
grip, was manoeuvred using more gross movements which involved the arm 
and wrist as opposed to the stylus being manipulated with fingertips. Thus, 
such movements are controlled by extrinsic hand muscles in the forearm, 
which are kept warm due to the clothing being worn.    
4.25.2. RQ4: Discussion 
RQ4 Are component function dexterity measures good predictors of 
dexterous product interaction capability? 
 
Correlations were conducted on the data to determine the strength of the 
relationship between component function measures and product interaction 
capability.  More specifically, the focus was to determine whether component 
function measures with good psychometric properties can accurately predict 
older adults’ dexterous ability to interact with everyday products in everyday 
environments. 
 
The results from the correlations have provided a mixture of findings from 
large/strong significant (p<0.05) relationships to small non significant (p>0.05) 
ones. The strongest relationships were found between Power and Pinch Grip 
measures and the Secateurs task (r=0.7 and r=0.8 respectively).  Both of the 
correlations were significant, indicating confidence can be had with the result.  
Also, the coefficient of determination indicates Power Grip shares 49% 
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variance with the Secateurs task and Pinch Grip shares even more variance 
at 64%.   These results indicate that empirical Power and Pinch Grip 
measures are good predictors, in both thermo-neutral (19°C to 24°C) and cold 
(5°C) environments, of product interaction capabilities that require the exertion 
of a power gripping action.     
 
Results from Pearson’s correlations also showed further large/strong 
relationships exist.  In the thermo-neutral environment these were between 
the Purdue Pegboard and the Mobile Phone task (r=-0.5), and between the 
Purdue Pegboard and the Moberg Pick-up Test (r=-0.5). In the cold 
environment, it was between the Purdue Pegboard and Touch Screen task 
(r=-0.5).  The coefficient of determination value indicates that the Purdue 
Pegboard can account for 25% of the variance with both the Mobile Phone 
task and Moberg Pick-up Test in the thermo-neutral environment and the 
Touch Screen task in the cold environment. All of these correlations were 
significant, indicating confidence can be had with the results.  Thus, these 
findings suggest that:  
• In a thermo-neutral environment (19°C-24°C) the Purdue Pegboard is a 
good predictor of an older adult’s ability to input information (numbers) 
into a keypad on a mobile phone and pick-up and place everyday 
objects such as keys, bankcards, coins etc; 
• In a cold environment (5°C), the Purdue Pegboard is a good predictor 
of an older adult’s ability to input information (characters) into a touch 
screen device. 
 
Further findings from the Pearson’s correlations showed there were a total of 
five medium strength (r=0.3 to 0.49) correlations which existed between: 
• Purdue Pegboard - Touch Screen (r=-0.4) thermo-neutral env. 
• Purdue Pegboard - Mobile Phone (r=-0.4) cold env. 
• Purdue Pegboard - Stylus task (r=-0.3) cold env. 
• Purdue Pegboard - Moberg Pick-up Test (r=-0.3) cold env. 
• Pinch Grip - Moberg Pick-up Test (r=-0.3) cold env. 
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Whilst these correlation results are encouraging, they need to be interpreted 
with caution, as only the Purdue Pegboard and Mobile Phone correlation in 
the cold environment was significant (p<0.05), thus others may be a result of 
coincidence.  Coefficient of determination results from the Purdue Pegboard 
and Mobile Phone correlation show that the Purdue Pegboard can account for 
16% of the variance in the Mobile Phone task in the cold.   
 
Overall, results from the correlation analysis show that the relationship 
between the Purdue Pegboard and the Mobile Phone task in both the thermo-
neutral and cold environment was significant.  However, the strength of the 
relationship does decrease slightly in the cold compared to the thermo-neutral 
environment (i.e. from -0.5 to -0.4).  Surprisingly, one unanticipated outcome 
to emerge from this set of results was the lack of consistency in the strength 
of the correlations between the two conditions. In particular, out of the 12 
Pearson’s correlations conducted, not one correlation is the same strength in 
both conditions; for example, the Purdue Pegboard and Touch Screen 
correlation is of medium strength in the thermo-neutral environment, but, in 
the cold environment this increases to a large/strong relationship.  
Unfortunately, there is also no consistency in the direction that these 
relationships change between conditions, thus, indicating that certain 
component function measures may be good predictors of a certain type of 
product interaction capability in one type of environment but not another. 
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4.26. Conclusions 
This chapter has focussed on the effect an everyday cold temperature (5°C) 
can have on older adults’ (+65 years) dexterous capabilities and the 
implications for design.  A total of three types of dexterity were investigated: 
fine finger, power grip and pinch grip.  These were chosen as the majority of 
everyday products used outdoors continuously require these forms of 
dexterity.   
 
This study has found that when older adults (+65 years) are exposed to 5°C 
for periods between 20- 45 minutes, their: 
• Fine finger capability will reduce between 4.5%-11%,   
• Ability to pick up and place objects such as keys, nuts, money, 
batteries, SIM cards, bank cards, etc. will reduce by 4% to 14%, 
• Power and Pinch Grip strength will not be affected - this can possibly 
be explained by the fact that such actions are controlled by the 
extrinsic hand muscles in the forearm, which are kept warm by the 
clothing insulation. 
• Ability to input information (numbers) into a keypad on a mobile phone 
(that has physical push buttons) will reduce by 0.5% to 12.5%, 
• Ability to use a touch screen and stylus will not be affected; however 
these results need to be interpreted with caution as a number of 
extraneous variables were identified as possibly contributing to task 
performance. 
 
It is important to conclude with the following points: no participants were 
unable to complete the specified tasks in the cold; thus it is unlikely that 
exposure to 5°C for between 20 to 40 minutes is likely to lead to older adults 
becoming excluded from using such products/completing such tasks.  
Exposure to an everyday cold temperature did not reduce older adults’ 
dexterous ability to such an extent whereby they would be considered as 
having mild dexterous impairment.  Thus, Benktzon’s (1993) user pyramid 
(Figure 1.2) still provides an accurate representation of older adults’ dexterous 
ability in an everyday cold environment - ‘bottom-up’ inclusive design 
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approach would therefore still result in the largest number of people being 
included with regard to their dexterous abilities.  However, the tasks 
completed in this experiment were relatively short in duration, i.e. less than 
one minute; greater performance decrements may be observed with tasks 
that are longer in duration.     
 
Further findings from this study showed that the component function objective 
performance measures selected are good predictors of certain types of 
product interaction capability.  In particular: 
• A strong significant relationship existed between both the Power and 
Pinch Grip component function measures and the Secateurs task in 
both the thermo-neutral and cold environments.  This evidence 
suggests that both component function gripping measures can 
accurately predict older adults’ product interaction capabilities that 
require the exertion of a power gripping action. 
• The relationship between the Purdue Pegboard and the Mobile Phone 
task was found to be significant in both the thermo-neutral and cold 
conditions; thus indicating that the Purdue Pegboard is a good 
predictor of older adults’ ability to input information (numbers) into a 
physical keypad on a mobile phone in the two environments. 
• Surprisingly, the Purdue Pegboard did not consistently share a strong 
relationship with the other wireless information and communication 
devices.  For example, the strength of the relationship with the wireless 
information and communication devices used (mobile phone, HP iPAQ 
14, and i-pod touch) ranged from strong to weak.   
• Another unexpected result was the inconsistency in the strength of the 
relationship between thermo-neutral and cold conditions with the 
Purdue Pegboard and the other wireless information and 
communication devices.  These results would indicate that the Purdue 
Pegboard can only provide an accurate measure of certain types of 
product interaction capability under certain conditions, such as:   
o Ability to pick-up and place everyday objects such as keys, 
bankcards, coins etc. in a thermo-neutral environment,  
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o Interacting with a mobile phone in both a thermo-neutral and 
cold environment,  
o Inputting information (characters) into a touch screen device in a 
cold environment. 
 
The next stage of this research focuses on gathering older adult context visual 
acuity data (Study 2, Chapter 5).  Chapter 6 focuses on translating the 
capability data generated from this study, and Study 2 (Chapter 5) into a 
suitable form for designers. 
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Chapter 5a: 
5. Visual acuity measures review and 
development 
Research objectives addressed in Chapter 5: 
Objective 3: To conduct experimental investigations that will gather accurate 
older adult context capability data that are relevant to product 
interaction; 
Objective 4: To conduct statistical analysis on the data to determine the 
extent context of use affects older adults’ capability. 
 
Chapter 5 is divided into the following three sections:  
• Chapter 5a presents a detailed review of component function and 
product task visual acuity measures.  Also detailed within this chapter 
is the development of a suitable component function visual acuity 
measure for the purposes of Study 2.  
 
• Chapter 5b details the methodology followed for Study 2: Effects of 
everyday ambient illumination levels.  
 
• Chapter 5c details the experimental findings from Study 2. 
 
Chapters 5a and 5b will address objective 3, and Chapter 5c will address 
objective 4 for the vision element of this research. 
5.1. Introduction 
In Chapter 2a (section 2.4), visual acuity was identified as the visual function 
most frequently used when interacting with everyday products.  Everyday 
ambient illumination levels were identified as the environmental contextual 
factor likely to have the most frequent impact on this type of capability when 
interacting with products.  In Chapter 2b, a critical review of past studies 
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revealed that data on older adults’ visual ability does exist; however, studies 
appear to fall into two main categories.  They either: 
1. Measure visual acuity at a specific illumination level that is not relevant 
to product interaction;  
2. Focus on the effect illumination has on visual performance in order to 
determine the optimum level of illumination for a given visual task. 
 
What these studies do not provide are detailed data on 1) the extent visual 
acuity is affected by everyday ambient illumination levels; and 2) the 
functional visual acuity of older adults either at a viewing distance relevant to 
product interaction, or under an ambient illumination level(s) relevant to 
everyday environments.   
 
Based on these findings, two key research questions (RQ) were generated in 
order to gather context visual acuity data that were of relevance to product 
interaction/inclusive design:  
RQ2 What are older adults’ visual acuity capabilities under typical 
everyday ambient illumination levels? 
RQ3 To what extent do everyday ambient illumination levels affect older 
adults’ visual acuity? 
 
For these research questions to be accurately answered, appropriate visual 
acuity capability measuring techniques needed to be used.  In Chapter 3, it 
was established that in order to gather capability data that are reliable, valid 
and relevant to designers, a combination of objective performance component 
function and product task measures needed to be used.  Chapter 5a presents 
a review of component function visual acuity measures and product tasks 
which require visual acuity.  Chapter 5a also details the development of a 
suitable component function visual acuity measure for the purposes of    
Study 2. 
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5.2. Component function measures 
5.2.1. Criteria 
The same criteria as detailed in Chapter 4a section 4.4.1 were used in the 
selection of an appropriate component function visual acuity measure for 
Study 2.  To recap, the criteria used were: 
• Psychometric properties;  
• Practicality;  
• Availability. 
5.2.2. Review and selection of component function measures 
Various test charts/targets can be used to measure visual acuity (Howarth 
and Bullimore, 2005); these can be seen illustrated in Figure 5.1. 
 
 
 
 
 
                      (a) Letters           (b) Landolt ring           (c) Grating 
 
Figure 5.1. Various targets which can be used to measure visual acuity 
 
With target ‘a’ the participant has to identify the letter(s) and with targets  ‘b’ 
and ‘c’ the participant has to identify the orientation (such as up, down, left or 
right for target ‘b’, or, vertical or horizontal for target ‘c’).  The ability to read 
letters off a chart is the most commonly used target in clinical settings (Olzak 
and Thomas, 1986).  Letters, numbers and/or symbols need to be identified 
regularly on everyday products if they are to be accessed and used 
successfully.  Thus, letters were deemed the most appropriate and relevant 
target in relation to product interaction.  
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5.2.3. Letter charts 
The standard letter chart used to measure visual acuity for over a hundred 
years has been the Snellen, which is illustrated in Figure 5.2. 
 
 
Figure 5.2. Snellen eye chart7 
 
However, there is a shift towards using Logarithm of Minimum Angle of 
Resolution (LogMAR) charts as they have become the gold standard for 
measuring visual acuity (Bourne et al, 2003; Hazel and Elliot, 2002).  An 
example of a LogMAR chart is illustrated in Figure 5.3.   
 
Figure 5.3. LogMAR acuity chart 
 
                                            
7 Jeff Dahl, Wikimedia commons, 2008  
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5.2.3.1. Psychometric properties of LogMAR charts 
LogMAR acuity charts have become the gold standard measure as they have 
been found to provide the most valid, reliable and rapid method of measuring 
visual acuity (Lovie-Kitchin, 1998; Bourne et al, 2003; Salt et al, 2007).  The 
advantages of using these charts for assessment in clinical and population 
based surveys have been well documented (Bailey and Lovie, 1976; Ferris et 
al, 1982; Ferris and Bailey, 1996; Colebrander, 2002; Bourne et al, 2003).  In 
summary, the key benefits of using these charts include: 
1. Logarithmic progression of letter sizes which means task difficulty 
increases in equal steps;  
2. Equal average legibility for each line which ensures that letter size is 
the sole determinant of difficulty on a given line;  
3. Consistent spacing between letters and lines which gives each letter an 
equal chance of being recognised; 
4. Geometric progression of letter sizes allows for test distances to be 
varied; 
5. The acuity data produced from the charts are classed as interval data 
which lends itself to parametric statistical analyses.  
 
It is evident from the wealth of published literature that LogMAR charts 
currently provide the most accurate, reliable and valid measure of visual 
acuity (Elliot and Sheridan, 1988).  Furthermore, having the ability to conduct 
parametric statistical analysis on the data will help to ensure objective 4 is 
achieved and research questions 2 and 3 can be answered with confidence. 
 
There is also the external validity of LogMAR acuity charts to consider; the 
databases ‘Science Direct’, ‘Google Scholar’ and Loughborough University’s 
‘Institutional repository’ were searched with the phrases:  
•  “LogMAR validity”  
• “LogMAR external validity/generalisability” 
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Results from the search revealed there to be a lack of published material 
which had examined the external validity of LogMAR acuity charts.  A study 
by Owsley and Sloane (1987) was the closest study found; the authors had 
investigated the relationship between contrast sensitivity, acuity and the 
perception of real-world targets (faces, road signs, objects).  The study results 
showed that acuity significantly correlated with thresholds for real-world 
targets.  Even though such findings are encouraging, they are based on acuity 
measured using sign-wave gratings and real-world targets; neither of which 
are the variables of interest in this present study.   
5.2.3.2. Practicality 
The practicality of using LogMAR acuity charts also had to be considered, i.e. 
they had to be able to provide a measure of visual acuity relatively quickly and 
easily as multiple measures of visual acuity were necessary for Study 2.  
Lovie-Kitchin (1998) states that LogMAR acuity charts provide a rapid 
measure of visual acuity.  However, the time taken to obtain a score from a 
LogMAR acuity chart is dependent upon the scoring method chosen and the 
method by which the test is administered.  These specific factors are 
discussed separately within Chapter 5b section 5.9.1.  However, for the 
purposes of this section, a scoring method and administrative procedure were 
adopted that reduced the time taken and effort involved in obtaining an 
accurate LogMAR acuity score. 
5.2.3.3. Availability 
A number of commercially available LogMAR acuity charts exist; however, 
they are designed to test distance visual acuity (e.g. 6m) and not near visual 
acuity (i.e. short sighted capability).  As stated in Chapter 2b section 2.11.1 
the majority of everyday products make demands on the short sighted 
capability (near vision) of users, as opposed to distance vision (long sighted 
capability).  A person’s near and distance vision can vary significantly due to 
refractive error i.e. short sightedness, long sightedness and astigmatisms, 
which generally affect one type of vision or the other.  Thus, the application of 
distance visual acuity data to the design of everyday products would not be 
appropriate and would significantly compromise the external validity 
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(generalisability) of the data gathered, i.e. the capability data would not be 
comparable to real world circumstances of product use. 
   
Currently, near vision LogMAR acuity charts are not commercially available.  
However, the design principles on which LogMAR charts are based have 
been published (Bailey and Lovie, 1976; British Standards Institution, 2003b). 
Thus through adopting these design principles it was possible to develop 
LogMAR charts which tested near acuity; see section 5.4 for the development 
of LogMAR charts.   
5.2.4. Visual acuity summary 
The following key points have been established in relation to obtaining an 
accurate and relevant measure of visual acuity: 
• A number of targets can be used to measure visual acuity – letters are 
the most common target used; letters are also a common target on 
everyday products; 
• LogMAR acuity charts currently provide the most accurate, reliable, 
valid and rapid measure of visual acuity using letters as a target; 
• There is a significant lack of published material relating to the external 
validity of LogMAR acuity charts; 
• Products generally make demands on a person’s short sighted 
capability (near vision) and near vision LogMAR acuity charts do not 
exist, so need to be developed for the purposes of Study 2. 
 
Based on the findings of this review, LogMAR letter charts were chosen as 
the visual acuity component function measure for the purposes of Study 2.  
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5.3. Gap in knowledge 
Again, a major assumption underlying the use of this component function 
measure is that it will accurately predict how well a person can visually 
interact with a product/discriminate detail on a product.  Search findings 
detailed in section 5.2.3.1 showed there is a significant lack of published 
material on the external validity/generalisability of LogMAR acuity charts.  
Thus, as part of this thesis, the relationship between LogMAR acuity charts 
and their ability to predict older adults’ visual ability to discriminate detail on 
everyday products will be examined.  This will be achieved through 
investigating the relationship in performance between LogMAR visual acuity 
and visual ability to perform product tasks.   A further research question for 
Study 2 was therefore generated: 
 
RQ5 Are LogMAR acuity measures good predictors of older adults’ visual 
ability with products? 
5.4. Developing LogMAR acuity charts 
In 1976, Bailey and Lovie published the first paper that detailed the design 
principles for LogMAR charts.  These principles have since been incorporated 
into a British Standard (2003b).  The design principles embodied within the 
LogMAR acuity charts developed for the purpose of this research are thus 
based on the principles detailed within both of these publications.   
5.4.1. Visual acuity test distance 
The near visual acuity testing distance used in this study needed to be 
established prior to the development of the LogMAR charts, as test distances 
directly influence the size of the letters used.  As previously established, 
products generally make demands on users’ short sighted capability (near 
acuity), which is commonly measured by the distance at which newsprint can 
be read, usually 40cm (Tate et al, 2005).  However, the viewing distance for a 
product is determined by a person’s near point.  Near point refers to the 
closest distance which the eyes can focus; this point moves further away with 
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age and by 60 years old it increases to 100cm (Grandjean, 1973).  This 
condition is known as ‘Presbyopia’ and can be corrected through lenses; 
however, statistics from the Department for Health show that over four million 
older people in the UK do not have regular eye tests, meaning such problems 
are not corrected for (RNIB, 2005).  These statistics imply that 100cm would 
be the shortest distance a significant proportion (four million) of older adults 
could focus; thus a 100cm testing distance was used to measure older adults’ 
near visual acuity in Study 2.   Participants with corrected near point vision 
would also be able to focus at 100cm through visual accommodation (i.e. the 
eyes’ ability to focus sharply on objects at varying distances).   
5.4.2. Letter sizes 
In order to determine the size of letters used on the LogMAR charts, it was 
necessary to calculate the letter size that gives 20/20 visual acuity (on 
LogMAR acuity charts this is referred to as a score of 0.0 log units).  The 
visual acuity score/term 20/20 or 20/10 or 20/40 etc. refers to the distance at 
which visual acuity is measured (traditionally 20 feet) by the distance at which 
the smallest letter identified subtends to an angle of 5 minutes of arc.  
Therefore, 20/20 refers to a letter size (height and width) that subtends to 5 
minutes of arc at a distance of 20 feet.  For the purposes of this study, the test 
distance was one metre; thus it was necessary to calculate the size of a letter 
that would subtend to 5 minutes of arc at this distance i.e. a letter size that 
would give the acuity score 1m/1m.  The following calculations were 
undertaken to determine this.    
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1) There are 60 mins of arc in 1 degree, so 1 min of arc = 1/60 degrees = 
0.0166667°.    
 
2) Through using trigonometry (and the law of visual angle) it is possible to 
determine the height of 1 minute of arc (a) at a distance of a meter.  Figure 
5.4 provides an illustration of the visual angle, viewing distance and linear 
height (a) that needs to be calculated. 
 
 
 
 
 
 
 
Figure 5.4. Visual angle, viewing distance and linear height 
 
The tangent (tan) function, is defined as the ratio of the opposite side (a) to 
the adjacent side (b): 
 
This can be rearranged as follows to calculate the linear size of (a): 
 
 
Therefore, by applying the values that are currently known to the equation: 
 
 
Then, by multiplying this figure by 5 gives the size of a letter that subtends to 
5 minutes of arc at a distance of 1 meter: 
 
 
Converting this to millimetres =   
 
0.0166667° 
1m 
a 
b 
c 
A 
B 
C 
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5.4.2.1. Size progression of letters  
The letter sizes used on LogMAR charts follow a geometric progression  
(i.e. advance in uniform steps on a logarithmic scale) (Bailey and Lovie, 
1976).  This means there is constant scaling factor applied to the size of the 
letters throughout the charts, which means task difficulty increases in equal 
steps.  The constant scaling factor used is 1.2589, which is equal to 10√10 or 
0.1 log unit.  Dividing or multiplying the 1m/1m letter size (1.45mm2) by the 
multiplier value 1.2589 (repeatedly) gives the relevant letter sizes for a 
LogMAR acuity one metre test chart.  Sizes are detailed in Table 5.1. 
 
Table 5.1. Letter log values, sizes and visual fraction for 1m test distance 
 
LogMAR     
value 
Letter 
height/width 
mm2 
Equivalent 
Snellen notation 
20ft Snellen 
Acuity 
1.0 14.7 1m/10.05m 20/200 
0.9 11.7 1m/8m 20/160 
0.8 9.3 1m/6.4m 20/125 
0.7 7.4 1m/5.1m 20/100 
0.6 5.9 1m/4m 20/80 
0.5 4.7 1m/3.20m 20/63 
0.4 3.7 1m/2.5m 20/50 
0.3 2.9 1m/2m 20/40 
0.2 2.3 1m/1.6m 20/32 
0.1 1.8 1m/1.25m 20/25 
0 1.45 1m/1m 20/20 
- 0.1 1.2 1m/0.8m 20/16 
- 0.2 1.0 1m/0.65m 20/12.5 
- 0.3 0.8 1m/0.55m 20/10 
Grey shaded letter sizes are those used on the LogMAR charts in this study 
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5.4.2.2. Range of letter sizes 
The LogMAR acuity chart needed to have a sufficient range of letter sizes in 
order to capture the variability of visual capability in the older adult population.  
According to British Standards Institution (2003b), the minimum range of letter 
sizes shall be from -0.1 to +0.1 log units (3 rows of letters).  Conversely, 
Bailey and Lovie (1976) suggest charts should have a range from -0.3 to +1.0 
log units (14 rows of letters).  Thus, design principles for this parameter are 
not consistent.  An informed decision therefore had to be made regarding the 
range of letter sizes used.  The overall aim of this study was to generate 
context capability data that can support the development of inclusive everyday 
products.  Inclusive design is defined as “the design of mainstream products 
that are accessible to, and usable by, as many people as reasonably 
possible” (British Standards Institution, 2005).  This definition does not include 
assistive products that are specifically designed to improve the functional 
capabilities of people with severe disabilities.  In the UK, individuals with 
acuity score of <20/60 (which is equivalent to <6m/18m or <1m/3m), are 
classed as having significant sight loss or registered blind.  Assistive products 
are specifically designed for people with this level of visual capability loss.  
Thus, the range of letter sizes used only needed to capture the visual 
capability of older adults whose acuity was >20/60, or, in the case of this 
vision study >1m/3m.  Based on this, the chart was designed to measure from 
-0.3 to +0.5 log units, which gave a total of 9 lines per chart.  Shaded in grey 
in Table 5.1 are the sizes of letters used on each row of the LogMAR chart, 
along with the equivalent Snellen notation (visual fraction).  
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5.4.3. Spacing of letters and rows 
The letters and rows on a LogMAR acuity chart should be spaced logically, 
based on a ratio relationship between them (Bailey & Lovie, 1976).  The 
guidelines detailed in British Standards Institution (2003b), and Bailey and 
Lovie (1976) were followed.  They were: 
• Letters on each line were evenly spaced and centrally disposed, 
• The gaps between the letters were equal to one letter width, 
• The between-row spacing was equal to the height of the letters in the 
smallest row. 
5.4.4. Selection of letters used 
The letters used on LogMAR charts must be of almost equal legibility (Bailey 
and Lovie, 1976).  Letter legibility depends on a number of variables, including 
‘spatial frequency’ (how often the structure repeats per unit of distance).  For 
example, the letter E needs almost two times the number of spatial 
frequencies than does the letter L for letter identification.  Thus, the letter L 
would be much easier to read than the letter E on the same chart line, even 
though the letters would be the same size. British Standards Institution 
(2003b) recommends the following letters are of almost equal legibility: C D E 
F H K N P R U V Z.  Thus, each row of letters used in the chart was 
comprised of letters from this selection.  Eight out of 12 of these letters were 
used on each row.  The letters used on each row and the order in which they 
were presented were randomly selected through drawing them out of a hat. 
5.4.4.1. Styles of letters and letter construction 
British Standards Institution (2003b) stipulates that the selected letters must 
conform to the formats they provide in order to unify the letter styles.  These 
formats are illustrated in Figure 5.5.    
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Figure 5.5. British Standards Institution (2003) letter formats 
 
Each letter format ensures the stroke width for the vertical and horizontal bars 
of the letter are even, and gaps and limbs have equal spacing.  These formats 
were traced in the graphic design programme Corel Paint Shop Pro XI, which 
allowed them to be replicated to a very high level of accuracy.  The traced 
letters are illustrated in Figure 5.6.     
 
 
Figure 5.6. Traced British Standards Institution (2003b) letters 
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5.4.5. Number of letters per row 
A further consideration was the number of letters used per row; the basic 
principle being the more letters used the less variability you get.  British 
Standards Institution (2003b) suggests a minimum of five letters per row.  
However, Ricci et al (1998) recommends a minimum of eight letters per line.   
This has been supported by Hazel et al (2002) who compared the eight-letter-
per-line chart to five-letter-per line chart, and found the eight-letter-per-line 
chart to have better repeatability, reflecting better accuracy and precision.  
Based on this, the guideline of eight letters per row was followed.    
5.4.6. Contrast levels of letters  
The vast majority of visual acuity charts use black letters on a white 
background which gives approximately 90% contrast i.e. high contrast level.  
However, the contrast level used on everyday products varies; contrast is a 
key factor that affects the successful perception of everyday objects (Dalke et 
al, 2012).  Thus, the contrast level of the letters used on the LogMAR acuity 
charts was an important consideration.  An attempt was made to measure the 
contrast levels used on products; unfortunately, this was not possible since 
the letters/symbols used on products were too small for a luminance gun to 
measure their brightness.  An alternative method was trialled, which involved 
taking digital pictures of the products, enlarging them and then printing the 
images in order to increase the size of the detail.  The main issue here was 
the automatic manipulation of the colours by the digital camera and printer, 
which gave an inaccurate representation of the actual colours used on the 
products.  An informed decision regarding what contrast levels to test visual 
acuity at could therefore not be made.  In the absence of these facts a 
plausible solution was to measure visual acuity at a range of contrast levels 
ranging from high to low.  Thus, a total of four contrast levels were selected; 
these were 90%, 70%, 50% and 30% contrast.   
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The contrast of the letters was calculated using the following ‘luminance 
contrast’ ratio equation (British Standards Institution, 2003b):  
𝐶𝑜𝑛𝑡𝑟𝑎𝑠𝑡 = 𝐿1 − 𝐿2
𝐿1  
 
where: L1 = luminance of the background; L2 = luminance of the test letter.   
A range of varying shades of grey colour swatches (200mm x 125mm) were 
printed (Hewitt Packard Colour laser-jet 5550dtn) onto plain white A4 paper.  
The luminance difference was measured using a Minolta spot luminance 
meter LS-110, at a distance of 250mm, in a room (3500mm x 6500mm) with 
artificial fluorescent lights and no windows. The horizontal illumination at the 
base of the A4 colour swatch was 810 lx, the vertical illumination at the centre 
of the colour swatch was 525 lx (illumination was measured using the ‘testo 
540’ light metre).  Table 5.5 details the RGB and CMYK colour values which 
provided 90%, 70%, 50% and 30% (±1%) contrast levels.  RGB is a colour 
model used in many software packages; the model details the amount of Red, 
Green and Blue light that are added together to display a specific colour on a 
digital display.  CMYK is a subtractive colour model used in colour printing; it 
refers to the four inks used in some colour printers (Cyan, Magenta, Yellow, 
Key black) and ensures consistency in colours between printing devices.    
 
Table 5.2. RGB and CMYK values which provided 90%, 70%, 50% and 30% 
(±1%) contrast levels 
 
Contrast level RGB C M Y K 
90% 000 0 0 0 100 
70% 77 14 15 14 74 
50% 125 24 20 19 38 
30% 177 19 14 13 9 
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5.4.7. LogMAR near acuity charts 
A total of 13 LogMAR acuity charts were developed for the purpose of Study 
2. This included four LogMAR acuity charts at 90% contrast; and three at 
each of the lower levels i.e. 70%, 50% and 30% contrast.  An additional chart 
was created at 90% contrast as a standard measure of visual acuity was 
taken at the beginning of the experiment.  An example of each of the charts 
created is illustrated in Figures 5.7 to 5.10; the remaining charts that were 
developed are detailed in Appendix B1. 
 
  
Figure 5.7. 90% contrast LogMAR 
chart 
Figure 5.8. 70% contrast LogMAR 
chart 
 
  
Figure 5.9. 50% contrast LogMAR 
chart 
Figure 5.10. 30% contrast LogMAR 
chart 
 
A range of charts were created so that no participant had to read the same 
chart twice.  This was to avoid participants becoming familiar with the 
sequence of letters used; there is the risk that participants could potentially 
memorise the letters used on each of the charts as opposed to being able to 
identify them correctly which significantly threatens the validity of the data 
gathered.  
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5.5. Selection of real world product tasks 
This section seeks to identify practical product tasks which predominantly 
require visual acuity to complete.   
5.5.1. Criteria 
The products selected had to fall within at least one of the five categories of 
everyday products identified in Chapter 1 section 1.1 and predominantly 
require detail to be distinguished for them to be used.  Also, from a pragmatic 
perspective, the selected products had to be easily transportable and not 
consume large amounts of space due to the confines of the experimental 
laboratory. 
5.5.2. Products selected 
Space restrictions and the need to transport the products in and out of the 
laboratory limited the variety of products that could be used.  For example, 
walk-up-and-use products and large domestic appliances (e.g. cookers, 
washing machines, dishwashers etc.) were not practical due to their size and 
the difficulties in obtaining and transporting them.  Thus, a range of handheld 
products and small domestic appliances were selected.  A total of nine 
products were chosen: 
• Kettle • Digital camera 
• Bankcard • Microwave 
• Mobile phone • Digital radio 
• Remote control (x2) • Toaster 
 
The models used and the visual tasks undertaken with them are detailed 
within Chapter 5b section 5.10.2. 
 
  
Chapter 5a: Visual acuity measures review and development 
173 
 
5.5.3. Tasks 
In each of the ambient illumination conditions, a participant was shown three 
of the nine selected products.  For each product, participants were asked to 
complete a total of four visual tasks.  The tasks involved participants 
identifying symbols, words and/or sentences on each product.  A range of 
visual characteristics were selected from each product i.e. large high contrast 
to small low contrast characteristics.  Also, where possible, unfamiliar visual 
characteristics were selected; this was to reduce the chance of participants 
being able to make an informed guess about what they were viewing.  The 
specific visual tasks participants had to complete with each of the products 
are detailed in Chapter 5b section 5.10.2.      
5.6. Summary of selected objective performance measures 
Based on the review detailed within Chapter 5a the following objective 
performance measures were used in each ambient illumination condition. 
 
Component function measures: 
• 90% contrast LogMAR acuity chart; 
• 70% contrast LogMAR acuity chart; 
• 50% contrast LogMAR acuity chart; 
• 30% contrast LogMAR acuity chart. 
 
Product task measures: 
In each of the ambient illumination conditions, a participant was shown three 
of the nine selected products.  For each product, participants were asked to 
complete a total of four visual tasks (see section 5.10.2).   
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Chapter 5b: 
Study 2: Effects of everyday ambient 
illumination levels: Methodology  
 
5.7. Introduction 
Detailed within Chapter 5b is the experimental methodology that was followed 
in order to gather accurate and relevant visual acuity data and answer RQ2, 
RQ3 and RQ5.  In particular, this chapter details the test facility used, 
methodology adopted for measuring visual acuity, experimental tasks, 
equipment and apparatus used, experimental measures, participant 
recruitment, study design and procedure followed. 
 
5.8. Testing conditions 
In Chapter 3 section 3.3.1 laboratory experiments were identified as the most 
suitable research strategy for simulating everyday environmental conditions, 
as they allow control over the illumination levels which ensures consistency 
between participants.   
 
For the purposes of Study 2, there was a need to simulate three ambient 
illumination conditions: overcast, in-house at night and street lighting.  This 
was achieved through the use of inbuilt and portable lighting rigs; further detail 
on the lighting equipment used is detailed in section 5.11.2.  A control 
condition was not deemed necessary for this study as the aim was to 
investigate the variability in visual acuity between the everyday conditions 
previously identified in Chapter 2b section 2.11. 
 
The three ambient illumination conditions were simulated in a lighting 
laboratory (2750mm x 4500mm) that was situated within Loughborough 
University’s Environmental Ergonomics laboratories.   
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5.9. Methodology for measuring visual acuity 
A person’s visual acuity can be measured in a number of different ways:  
• One eye at a time (monocular vision)  
• Both eyes together (binocular vision)  
• Wearing contact lenses or glasses, if worn (presenting vision)  
• After vision has been corrected by an optician (best corrected visual 
acuity) 
 
One of the key aims of this research was to gather data that mirror a person’s 
capability in the real world when interacting with products.  Thus, obtaining a 
measure of visual acuity that best reflects a person’s everyday vision was of 
paramount importance. To this end, presenting vision (wearing contact lenses 
or glasses if worn) is regarded as the measurement that best reflects the 
everyday vision of the person (Tate et al, 2005).  It also represents the actual 
impairment experienced by the individual in their everyday life (whether due to 
underlying disease such as cataract or due to uncorrected refractive error) 
(Tate et al, 2005).  Thus, presenting vision was used to measure participants’ 
visual acuity in this study.  
5.9.1. Scoring Method 
LogMAR letter charts can be scored using different methods.  Ferris et al 
(1982) recommends a letter-by-letter method whereby the participant is asked 
to read the entire chart and is given a score for each letter read correctly.  An 
alternative to this approach is the traditional line-by-line scoring method - 
whereby after a certain number of incorrect responses on a particular line 
(≥25% of letters read incorrectly) the test is terminated and the participant’s 
acuity score is the row above (Carkeet, 2001).  However, for the purposes of 
Study 2 neither approach was deemed suitable as each method either 
calculates threshold (i.e. the limits of a person’s ability) or close to threshold 
visual acuity.  If design decisions were based on the limits of a person’s 
capability (i.e. where a number of letters are read incorrectly) then it is unlikely 
that visual tasks with products could be completed independently without 
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experiencing any difficulties.   This viewpoint is supported by Porter et al, 
(2004) who suggest that a person’s comfortable limit rather than their 
maximum is a more valid predictor for use in inclusive design datasets.  Thus, 
for the purposes of this study, the acuity score was based on the smallest row 
of letters read correctly from start to finish i.e. what can be read without 
making any mistakes.  This method had the benefit of ensuring the data 
obtained from these measures would detail what an older adult is 
independently capable of without making mistakes.  Also, participants were 
instructed at the start of each test to read the smallest row of letters on the 
chart they felt they could read correctly from start to finish.  This reduced the 
time and effort taken to obtain an accurate acuity score as each participant 
did not have to start reading every chart from the top row.   
5.10. Experimental tasks 
Chapter 5a detailed the visual acuity measures, both component function and 
product tasks, which were selected for the purposes of Study 2.  The following 
section details the specific tasks each participant was asked to perform with 
the selected measures.   
5.10.1. LogMAR charts 
For each LogMAR chart, participants were required to correctly identify the 
letters printed on the charts.  Participants were required to read out loud, from 
left to right, each row of letters, starting with the smallest letter row they felt 
they could identify correctly from start to finish.  Each chart was terminated 
after no more letters could be identified.  Participant scoring sheets were 
generated, which were completed as participants read out the letters from the 
LogMAR acuity charts; see Appendix B1 for a copy of a scoring sheet.  Figure 
5.11 shows a participant undertaking the LogMAR acuity chart task.   
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Figure 5.11. Participant completing LogMAR acuity chart task 
5.10.2. Product tasks 
For each of the selected products, participants were required to complete a 
total of four visual tasks.  The tasks involved participants identifying words, 
numbers and/or symbols on each product.  This involved the experimenter 
pointing out buttons, symbols and/or product markings and asking the 
participant(s) to read out loud what is printed on them.  Participants were 
allowed to hold the products at whatever distance they felt comfortable.  
Detailed within this section are the products used and the specific 
characteristics each participant was required to identify on each one. 
 
 
 
 
Task 1: Long number across card 
Task 2: Expiry date 
Task 3: Account number 
Task 4: Numbers on the security strip 
Figure 5.12. HSBC Visa debit 
card8 
 
 
  
                                            
8 http://forums.moneysavingexpert.com/showthread.php?p=18797103 
 
2 
1 
3 
4 
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Task 1: ‘C’ on the top left button. 
Task 2: Letters on the number 5 button. 
Task 3: Hash-tag and arrow symbol on the 
bottom right button. 
Task 4: Numbers down the central column of 
buttons. 
Figure 5.13. NOKIA 3210e 
mobile phone9 
 
 
 
 
 
 
Task 1: The words MIN, MAX and LITRES on 
the measuring scale 
Task 2: Values on measuring scale 
Task 3: Symbol on the on/off switch 
Task 4: PHILIPS 3000W on the side of the 
kettle 
Figure 5.14.  Philips 3000W 
kettle10 
 
 
 
 
 
Task 1: >10, 0 and >100 buttons 
Task 2: AUTO SPACE, DISPALY MODE, 
SYNC RECORD 
Task 3: REC MARKER, RECORD, REC 
MODE buttons 
Task 4: + and - symbols 
Figure 5.15. Grundig MD60 
minidisc remote control 
 
                                            
9 http://upload.wikimedia.org/wikipedia/commons/e/e5/Nokia_3210_3.jpg 
10 http://www.amazon.co.uk/Philips-HD4666-22-Gloss-Kettle/dp/B0006L2AHY 
 
1 
2 
3 
4 
1 
2 
3 
4 
1 2 
3 
4 
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Task 1: Internet, on demand and interactive 
buttons 
Task 2: Up and down buttons 
Task 3: Guide, menu, back and browse 
buttons 
Task 4: Letters on the number 8 button 
Figure 5.16. NTL remote 
control 
 
 
 
 
 
Task 1: On/Off button 
Task 2: Menu and OK button 
Task 3:                  symbols 
Task 4: P, A/S/M, AUTO text 
Figure 5.17. Olympus digital 
camera Camedia C-
3020zoom11 
 
 
 
 
 
Task 1: Power Level, Defrost Weight/Time 
and Clock/Pre-set buttons 
Task 2: A1 Reheat, A2 Vegetable and A3 
Fish product information 
Task 3: Timer, Weight and Auto Menu 
controls 
Task 4: Power rating – D 700W 
Figure 5.18. Cookworks 
Signature microwave 
 
 
  
                                            
11 http://www.shopping.com/Olympus-Camedia-C-3020-Zoom/info 
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3 
4 
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3 
4 
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Task 1: SNOOZE and stand by symbol 
Task 2: JOGMODE/SELECT, PRESETS and 
AUTOTUNE buttons  
Task 3: VOLUME/SELECT 
Task 4: Frequency on the display 
Figure 5.19. Technika DAB-
109 radio12 
 
 
 
 
 
 
Task 1: BAGEL, DEFROST and REHEAT 
markings 
Task 2: TOAST COLOUR on dial 
Task 3: 1,2,3,4,5 and 6 on dial 
Task 4: Product safety information on the 
base of the product 
Figure 5.20. Delonghi 
toaster13 
 
 
 
  
                                            
12 http://ii.alatest.com/product/full/7/a/Technika-DAB-109-Stereo-DAB-Radio-0.jpg 
 
13 http://www.comparestoreprices.co.uk/images/de/delonghi-icona-4-slice-toaster-white.jpg  
1 
2 
3 
4 
1 
2 & 3 
4 
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Figure 5.21 shows a participant undertaking the product task with the minidisc 
remote control. 
 
Figure 5.21. Participant undertaking the product task with the minidisc remote 
control 
5.11. Experimental equipment and apparatus  
5.11.1. Headrest 
A headrest fixture, with a chin support, was used to maintain: 1) the same 
distance between the eyes of participants and LogMAR acuity charts, 2) the 
same visual angle between the participant’s eyes and the charts.  The 
headrest fixture used in the study can be seen illustrated in Figures 5.22 and 
5.23. 
  
Figure 5.22. Headrest apparatus Figure 5.23. Headrest apparatus 
being used 
Chapter 5b: Study 2: Effects of everyday ambient illumination levels: Methodology 
182 
 
5.11.2. Lighting 
In order to accurately simulate the chosen ambient illumination conditions, 
both the intensity and the spectral distribution of the chosen environmental 
lighting were replicated.  The following lights were used:   
• Street lighting: A street lighting lantern (WRTL 2600 lantern) fitted 
with a 50w SON-T (sodium) ballast bulb; 
• In-house lighting: Over-head inbuilt incandescent light bulbs;  
• Overcast day: Solar simulation lamp (1,000-W metal halide CSI lamp 
manufactured by GE Lighting) which produce light with a spectrum 
similar to that of sunlight, and have been used widely across a number 
of industries including the automotive industry for this purpose 
(Beeson, 1978; Blazejczyjk et al, 1992).  A frosted screen was placed 1 
metre in front of the light in order to diffuse the emitted illumination (see 
Figure 5.24). 
 
Figure 5.24. Frosted screen used to diffuse illumination from solar simulation 
lamp 
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5.11.3. Dark-light adaptation 
Consideration needed to be given to the adaptation time between each of the 
ambient illumination conditions as the human eye does not adjust 
instantaneously to different light intensities and adaptation speed slows with 
age (Hood and Finkelstein, 1986).  Failure to consider adaptation time could 
have meant that older adults’ visual acuity was measured whilst the eye was 
still adapting.  This would have meant that the measure of visual acuity 
obtained would not have been an accurate representation of an older adults’ 
visual acuity capability at that ambient illumination level.  The amount of time 
given to adapt to each of the conditions (as detailed in Table 5.3) was based 
on the following:  
•  Street lighting – Overcast: According to Hood and Finkelstein (1986) 
and Boyce (1981), the eye requires around ten minutes to reach a 
steady state when adjusting from a dimly lit environment (e.g. street 
lighting) to a bright environment (e.g. overcast day).  However, the rate 
that the eye (cones) adapts to brighter conditions does slow with age 
(Coile and Baker, 1992), thus 12.5 minutes was the allocated 
adaptation time. 
• Street lighting – In-house: 7.5 minutes was the allocated adaptation 
time between these two conditions as the eye only had to adapt from a 
dimly lit to a moderately lit environment; difference in illumination was 
only 142.5 lx. 
• In-house – Overcast (vice-versa): When the eye has to adapt within 
bright conditions (e.g. from in-house to overcast conditions, or the 
opposite way), it typically takes a few minutes (Boyce, 1981).  Again, 
slightly longer is needed for the older eye, thus 5 minutes was the 
allocated adaptation time between these two conditions. 
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• Overcast – Street lighting: When the eye has to adapt from light to 
dark conditions (dark-adaptation) the recovery of sensitivity can last 
from a few seconds to ten minutes depending on the difference in 
ambient illumination (Hood and Finkelstein, 1986).  For this given 
sequence the difference in illumination was 5992.5 lx which is relatively 
large.  Also, consideration needed to be given to older adults’ reduced 
ability to adapt to low levels of illumination (Jackson et al, 1999). Based 
on this, an adaptation time of 12.5 minutes was given.  
• In-house – Street lighting:  For this sequence, the reduction in 
illumination was relatively small i.e. 142.5 lx, thus 7.5 minutes was the 
allocated adaptation time. 
Table 5.3.  Adaptation time given to participants between conditions 
 
Order 1 
Sequence 1 2 3 
Lighting condition Overcast In-house Street lighting 
Adaptation time 5 mins 5 mins 7.5 mins 
Order 2 
Sequence 3 1 2 
Lighting condition Street lighting Overcast In-house 
Adaptation time 7.5 mins 12.5 mins 5 mins 
Order 3 
Sequence 2 3 1 
Lighting condition In-house Street lighting Overcast 
Adaptation time 5 mins 7.5 mins 12.5 mins 
Order 4 
Sequence 3 2 1 
Lighting condition Street lighting In-house Overcast 
Adaptation time 7.5 mins 7.5 mins 5 mins 
Order 5 
Sequence 2 1 3 
Lighting condition In-house Overcast Street lighting 
Adaptation time 5 mins 5 mins 12.5 mins 
Order 6 
Sequence 1 3 2 
Lighting condition Overcast Street lighting In-house 
Adaptation time 5 mins 12.5 mins 7.5 mins 
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5.12. Experimental measures 
The horizontal illumination was measured at one metre in front of the head 
rest using ‘testo 540’ light metre prior to the first visual task being completed 
in each condition.  This was done to ensure the ambient illumination level was 
consistent for each participant.  If the horizontal ambient illumination was 
incorrect, alterations were made to the positioning of the lights until it was at 
the correct level. 
5.13. Participants  
5.13.1. Ethical consideration 
Ethical approval was granted for the study from Loughborough University’s 
Ethical Advisory committee (Reference number: R08-P95).  The only 
requirement from the committee was that another member of staff be close by 
in case there is an accident/emergency.  Thus, when conducting the 
experiments a Loughborough University staff member was always present in 
the reception area of the Environmental Ergonomics laboratories.  The full 
ethical research proposal along with ethical clearance/committee feedback is 
detailed in Appendix B2.  
5.13.2. Recruitment 
Participants were recruited from the Borough of Charnwood (Leicestershire) 
for this study. They were recruited through the University’s participant 
database, University of the Third Age (U3A) and from advertisements posted 
on bulletin boards, day centres, retirement homes and in hospital optometry 
units.  Participants were recruited from hospital optometry units in order to 
obtain a sample that had a range of visual impairments which are common in 
the elderly; this will be discussed in more detail in Chapter 5b section 5.18.  
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5.13.3. Sampling strategy 
In 2005, the RNIB published statistics on the numbers of people with sight 
problems in the UK; however, the statistics were based on people with 
significant sight loss (approx 888,852 people aged +65 years in the UK).  
People with this level of capability loss were not deemed relevant to Study 2 
(see section 5.4.2.2); statistics on older adults with a better level of visual 
acuity than this were not detailed.  Thus, due to the lack of prevalence figures 
a Quota sampling technique could not be employed for the purposes of Study 
2.  A number of published studies do however exist on visual impairment 
within the elderly population.  Tate et al (2005) reviewed a number of studies 
(Gibson et al, 1985; Wormald et al, 1992; Das et al, 1994; Reidy et al, 1998; 
Evans et al, 2004) on visual impairment (eye disease) in elderly people and 
found that cataracts, refractive error and age related macular degeneration 
are the major causes of impairment.  Thus, a purposive sampling strategy 
was employed to ensure this range of visual impairments was represented in 
the study sample.   
5.14. Study Design 
A repeated measures study design was chosen for Study 2 for the reasons 
given in Chapter 3.  Potential order and carry-over effects were balanced out 
through the counter balancing of conditions and product tasks.  More 
specifically, to avoid these effects, a Latin Square (3x3) was used to 
determine the order that participants experienced the ambient illumination 
conditions.  As detailed previously in Chapter 4a section 4.15, Latin Squares 
suffer from carry-over effects as the randomised order still results in certain 
tests following each other on more than one occasion.  Again, carry-over 
effects were avoided through using two Latin Squares, with the second Latin 
Square being a mirror image of the first; as a result, every test only follows 
another twice (Shuttleworth, 2009a).  This can be seen detailed in Table 5.4.   
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Table 5.4. Latin Square design used to counter-balance ambient illumination 
conditions 
 
Order 1 1 2 3 
Order 2 3 1 2 
Order 3 2 3 1 
    
Order 4 3 2 1 
Order 5 2 1 3 
Order 6 1 3 2 
Key 
1 = Overcast 
2 = In-house 
3 = Street lighting 
 
 
Participants were randomly assigned the order that they experienced the 
ambient illumination conditions.  Nearly an equal number of participants were 
assigned to each order i.e. an extra participant completed order 1 and 2. 
 
A balanced Latin Square (4x4) was also used to determine the presentation 
order of the LogMAR charts in each condition.  A balanced Latin Square 
ensures the risks of carry-over effects are much lower as one test never 
directly follows another on more than one occasion (Davis and Rose, 2000).  
Also, the order that participants experienced the LogMAR acuity charts and 
the real world products was balanced.  More specifically, in orders 1, 3 and 5 
the LogMAR charts were completed first; in orders 2, 4 and 6 they were 
completed after the real world product tasks.  The products which participants 
performed tasks on, in each condition, were also randomised. 
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5.15. Procedure 
Participants were contacted via phone prior to taking part in the experiment; 
the full details of the study were explained and any visual impairment(s) were 
noted.  On arrival, each participant was provided with an information sheet 
which gave an overview of what the study involved.  Any questions were then 
answered, followed by the signing of an informed consent form.   
Both of these forms are detailed in Appendix B3.  Participants were also fully 
informed of their right to withdraw from experimentation at any time without 
reason or prejudice.   
 
A measure of each participants ‘presenting’ near (1m) visual acuity was then 
recoded in accordance with the British Standards Institution (2003b); chart 
luminance was uniform at 120cd/m2 and the line-by-line scoring method was 
used.  The ambient illumination level was then changed to the first test 
condition.  Each participant was given sufficient time for their eyes to fully 
adapt when ambient illumination levels were altered.  Before reading the 
acuity charts, each participant was instructed to read the smallest row of 
letters on the chart they felt they could read correctly from start to finish.  If 
read correctly, participants were asked to read the next row down the chart 
(smaller letters); and this continued until the participants were unable to 
correctly identify any of the letters on the chart; the test was then terminated.  
However, if they read the first row they selected incorrectly, they were asked 
to read the row above (bigger letters); this procedure was continued until they 
read a full row correctly. 
 
For the real world products, each participant was asked to complete four 
visual tasks with three different products in each lighting condition.  The 
participants were handed one product at a time and were asked to read 
out/identify particular visual characteristics.  For each visual characteristic 
read out correctly they received a score of 1 point; thus the final product score 
for each lighting condition was out of 12 points. 
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On completion of the experiment, participants left the lighting lab and sat in 
the reception area for 10 minutes whilst their eyes readjusted.  Each 
participant was paid £10 to cover their time and expenses for taking part in 
the study. 
5.16. Conclusion 
A practical and reliable experimental procedure and protocol was determined 
for Study 2: The effects of everyday ambient illumination levels.  The 
methodology detailed was used to gather accurate and relevant older adult 
context capability data, thus achieving objective 3 for the visual element of 
this research.  The results of Study 2 and the answers to RQ2, RQ3 and RQ5 
are detailed and discussed in Chapter 5c. 
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Chapter 5c: 
Study 2: Effects of everyday ambient 
illumination levels: Results 
 
The following research objective is addressed within this section of Chapter 5: 
 
Objective 4: To conduct statistical analysis on the data to determine the 
extent context of use affects older adults’ capability 
5.17. Introduction 
Detailed within this chapter are the results from Study 2, which provide 
answers to the following research questions: 
RQ2 What are older adults’ visual acuity capabilities under different 
everyday ambient illumination levels? 
RQ3 To what extent do everyday ambient illumination levels affect older 
adults’ visual acuity? 
RQ5 Are LogMAR acuity measures good predictors of older adults’ visual 
ability with products? 
 
The independent variables tested in this experiment were ambient illumination 
and contrast.  Ambient illumination was simulated at the following three levels: 
1. 6000 lx (overcast) 
2. 150 lx (in-house) 
3. 7.5 lx (Street lighting) 
 
Contrast of the LogMAR acuity letters were simulated at the following four 
levels: 
4. 90% contrast 
5. 70% contrast 
6. 50% contrast 
7. 30% contrast  
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5.18. Sample  
A total of 38 older adults (19 male/19 female), ranging from 65-87 years 
(mean age 74 years) completed the experiment.  The sample consisted of the 
following impairments:  7 (18%) age related macular degeneration, 5 (13%) 
cataracts, 3 (8%) had cataracts removed, 21 (55%) short sighted, 24 (63%) 
long-sighted and 4 (10.5%) Astigmatism.  These figures are based on what 
each participant reported in the recruitment interview; participants were asked 
to confirm their impairments on arrival, prior to the study commencing.  The 
presenting’ near (1m) visual acuity of the sample (n=38) ranged from -0.2 to 
0.5 log units (mean 0.1); 29% had a visual acuity ≤0.0 log units (1m/1m) and 
13% of the sample had a near acuity score of between 0.4 to 0.5 log units, 
which is the equivalent of having mild sight loss i.e. a visual acuity measure 
less than <6/12 but ≥6/18 (RNIB, 2005).    
5.19. Preparing data for analysis 
All data were checked for errors and outliers.  Outliers were identified 
statistically through the use of box plots (Appendix B4); scores identified as 
extreme outliers, i.e. scores which extend more than three box-lengths (z>3) 
from the edge of the box, were removed (Howitt and Cramer, 2008).  Only 
one outlier was identified and removed (1 outlier at 30% contrast overcast 
lighting).  Box plots for each of the datasets are detailed in Appendix B4.   
 
All data were checked for normality; a significant skewness calculation 
detailed by Howitt and Cramer (2008) was used (i.e. skewness / standard 
error of skewness = <1.96 normally distributed data). The significant skew 
calculations, descriptive statistics and histograms for each dataset are 
detailed in Appendix B5.  Results from the statistical skew calculations are 
detailed in Table 5.5. 
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Table 5.5. Significant skew values for each dataset 
 
Illumination 
condition 
90% contrast 70% contrast 50% contrast 30% contrast 
Overcast 0.84 1.12 -0.33 -0.42 
Sig skewed No No No No 
In-house -0.63 -0.79 -0.77 -0.34 
Sig skewed No No No No 
Street lighting -0.11 -2.56 -0.9 -0.24 
Sig skewed No Yes No No 
 
Table 5.5 shows that out of the 12 data sets:  
• 11 were normally distributed i.e. the significance of the skew was 
<1.96; 
• One data set (i.e. street lighting 70% contrast) was significantly skewed 
(i.e. sig. skew >1.96).  
5.20. Statistical analysis techniques 
A one-way repeated measures ANOVA and Bonferroni post-hoc tests were 
considered but not used for analysis due to the variation in valid scores (n) 
across the test conditions.  In particular, there were a number of participants 
who were unable to obtain an acuity score (i.e. read the top row of letters) on 
certain letter charts, and therefore they did not receive a score (see Table 
5.6).   
 
Table 5.6. Number of participant scores (n) for each independent variable 
 
 90% 
contrast 
(n) 
70% 
contrast 
(n) 
50% 
contrast 
(n) 
30% 
contrast 
(n) 
Valid 
Overcast 38 37 36 27 27 
In-house 36 33 31 23 23 
Street lighting 30 30 26 17 17 
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A one way repeated measures ANOVA only compares complete sets of 
scores (valid) across the conditions being analysed.  Thus, a number of 
participant scores would have been disregarded in the analysis when using 
this technique, resulting in the findings not being a true representation of the 
data gathered.  For example, a comparison of visual performance between 
the four contrast levels in the street lighting condition would disregard a total 
of 35 scores, as this technique would only compare the 17 complete sets 
scores across the datasets.  This problem was addressed through using 
paired comparison techniques, which minimise the number of cases that are 
not considered in each analysis.  For example, if the same analysis was 
conducted using paired comparisons i.e. street lighting 90% to 70%, 70% to 
50% and 50% to 30% contrast, only 13 scores will not be considered in the 
analysis.  Paired comparison tests were therefore used to specifically 
determine where variations in contrast and everyday illumination levels cause 
a significant decrease in visual acuity.   For the normally distributed datasets 
(parametric data) paired t-tests were used.   For the significantly skewed 
dataset (street lighting 70% contrast) and product task measures the 
Wilcoxon Signed Ranked Test was used.   
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5.20.1. Bonferroni method 
Conducting paired comparisons on three or more levels of an independent 
variable can result in a Type I error i.e. when we think there is a difference, 
but really there is not (Pallant, 2007).  To cope with this problem the 
Bonferroni method was used.  The technique works by sharing the 
significance level (p<0.05) between the numbers of comparisons being made.  
To this end, three comparisons were made in each ambient illumination 
condition i.e. 90% to 70%, 70% to 50% and 50% to 30%.  Applying the 
Bonferroni method (i.e. p=0.05/3) meant a p-value of <0.0167 was considered 
to be statistically significant in the case of this analysis. For comparisons of 
visual acuity across the ambient illumination conditions, two comparisons 
were made for each contrast level, i.e. overcast to in-house and in-house to 
street lighting, thus a p-value of <0.025 was considered to be statistically 
significant.    
5.20.2. One-tailed tests 
The directional relationship between visual acuity and ambient illumination 
has been well reported in previous studies (Weston 1945, 1949 and 1961; 
Bodmann, 1962 and 1967; Smith and Rea, 1978; Davis and Garza, 2002; 
Charness and Dijkstra, 1999) and fully detailed in Chapter 2b section 2.11.2.  
Also, the effect of contrast on visual acuity is documented (Sanders and 
McCormick, 1993; Howarth and Bullimore, 2005).  In both cases, a negative 
relationship exists i.e. as ambient illumination and/or contrast is reduced so 
does visual acuity. Thus, one-tailed test results were used as the relationship 
between the independent variables (illumination and contrast) and the 
dependent variable (visual acuity) is unidirectional.  Furthermore, one-tailed 
tests provide more power in detecting an effect in one direction by not trying 
to detect an effect in the other (Pallent, 2010).     
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5.21. RQ2: Results 
RQ2 What are older adults’ visual acuity capabilities under different 
everyday ambient illumination levels? 
 
The results from RQ2 are presented in the following order:  
• Analysis technique used (paired t-tests or Wilcoxon Signed Ranks 
test); 
• Descriptive statistics (n, mean and standard deviation (SD) values, or 
n, median and Inter-Quartile Range (IQR) values); 
• Graph displaying either mean and ±1SD values (parametric data) or 
Median and IQR (non-parametric data) for each dataset being 
compared;    
• Paired comparison results. 
 
The mean/median and SD/IQR values presented in the descriptive statistics 
section may differ slightly from those presented in the paired comparison 
results section, as paired sample analysis techniques only compare scores 
that have a value in each dataset being compared.  Thus participants who 
only managed to obtain a score in one of the test conditions/datasets will not 
be included within the analysis.  Appendix B6 details the SPSS statistical 
analysis results tables for the findings presented within this section. 
 
The graphs presented within the results section of this chapter may initially 
appear as though visual acuity improves as contrast is reduced, however, this 
is not the case as a high LogMAR acuity score (e.g. 0.5 log units) indicates a 
low level of visual acuity and vice-versa.  For further details on acuity scores 
see Table 5.1 in section 5.4.2.1.  
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5.21.1. Overcast 
All datasets for the overcast illumination condition were normally distributed, 
thus paired t-tests were used for the paired comparisons.  Descriptive 
statistics for log visual acuity at the four contrast levels under overcast 
illumination are provided in Table 5.7 and Figure 5.25. 
 
Table 5.7.  Descriptive statistics for log visual acuity under overcast 
illumination 
 
Contrast n Mean 
(log units)  
Standard Deviation 
(log units) 
90% contrast 38 0.1 0.18 
70% contrast 37 0.12 0.18 
50% contrast 36 0.18 0.13 
30% contrast 31 0.26 0.12 
 
 
 
Figure 5.25. Plot of mean and standard deviation values for log visual acuity 
under overcast illumination across all contrast levels 
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Table 5.8 details the results from the paired t-test analysis for the four contrast 
charts in the overcast illumination condition.  The effect size statistic eta 
squared was calculated using the following formula: 
𝐸𝑡𝑎 𝑠𝑞𝑢𝑎𝑟𝑒𝑑 = 𝑡2
𝑡2 + (𝑁 − 1) 
 
Table 5.8. Significance results for contrast levels under overcast illumination 
 
Paired comparisons 
(contrast levels) 
Sig 
(1-tailed) 
t Eta 
squared 
90% - 70% contrast p = 0.076 -1.466 0.06 
70% - 50% contrast p = 0.000 -3.82 0.3 
50% - 30% contrast p  = 0.000 -3.76 0.34 
The effect size criteria given by Cohen (1988) for parametric statistics of 0.01 = small effect, 
0.06 = medium effect and 0.14 = large effect has been used. 
 
The paired samples t-tests revealed: 
1. There was not a statistically significant decrease in visual acuity 
between 90% contrast (M = 0.09, SD = 0.17) to 70% contrast (M = 
0.12, SD = 0.18), t(36) = -1.466, p>0.0176 (1-tailed).  The mean 
decrease in visual acuity was only -0.03 log units.  The eta squared 
statistic (0.06) showed a moderate effect size; however this was not 
significant. 
2. There was a statistically significant decrease in visual acuity between 
70% contrast (M = 0.11, SD = 0.17) to 50% contrast (M = 0.18, SD = 
0.13), t(35) = -3.82, p<0.0167 (1-tailed). The mean decrease in visual 
acuity was 0.07 log units with a 95% confidence interval ranging from    
-0.12 to -0.04 log units.  The eta squared statistic (0.3) indicated a 
large effect size.   
3. There was a statistically significant decrease in visual acuity between 
50% contrast (M = 0.18, SD = 0.11) to 30% contrast (M = 0.26, SD = 
0.12), t(30) = -3.76, p<0.0167 (1-tailed). The mean decrease in visual 
acuity was -0.08 log units with a 95% confidence interval ranging from   
-0.12 to -0.04 log units.  The eta squared statistic (0.34) indicated a 
large effect size. 
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5.21.2. In-house lighting 
All datasets for the in-house illumination condition were normally distributed; 
thus paired t-tests were used for the paired comparisons.  Descriptive 
statistics for log visual acuity at the four different contrast levels are provided 
in Table 5.9 and Figure 5.26. 
 
Table 5.9.  Descriptive statistics for log visual acuity under in-house 
illumination 
 
Contrast n Mean 
(log units)  
Standard Deviation 
(log units) 
90% contrast 36 0.23 0.17 
70% contrast 33 0.28 0.16 
50% contrast 31 0.32 0.13 
30% contrast 23 0.38 0.08 
 
 
 
Figure 5.26. Plot of mean and standard deviation values for log visual acuity 
under in-house illumination across all contrast levels 
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Table 5.10 details the results from the paired t-test analysis of the four 
contrast charts under in-house illumination.   
 
Table 5.10. Significance results for contrast levels under in-house illumination 
 
Paired comparisons 
(contrast levels) 
Sig 
(1-tailed) 
t Eta 
squared 
90% - 70% contrast p = 0.000 -4.776 0.37 
70% - 50% contrast p = 0.002 -3.102 0.24 
50% - 30% contrast p = 0.000 -5.391 0.57 
The effect size criteria given by Cohen (1988) for parametric statistics of 0.01 = small effect, 
0.06 = medium effect and 0.14 = large effect has been used. 
 
The paired samples t-tests revealed: 
1. There was a statistically significant decrease in visual acuity from 90% 
contrast (M = 0.20, SD  = 0.15) to 70% contrast (M = 0.28, SD = 0.16), 
t(31) = -4.776, p<0.0176 (1-tailed).  The mean decrease in visual acuity 
was -0.08 log units with a 95% confidence interval ranging from -0.10 
to -0.04 log units.  The eta squared statistic (0.37) indicated a large 
effect size.   
 
2. There was a statistically significant decrease in visual acuity from 70% 
contrast (M = 0.27, SD = 0.16) to 50% contrast (M = 0.32, SD = 0.13), 
t(30) =  -3.102, p<0.0176 (1-tailed).  The mean decrease in scores was 
-0.05 log units with a 95% confidence interval ranging from -0.09 to      
-0.02 log units.  The eta squared statistic (0.24) indicated a large effect 
size. 
 
3. There was a statistically significant decrease in visual acuity from 50% 
contrast (M = 0.28, SD = 0.13) to 30% contrast (M = 0.38, SD = 0.08), 
t(22) = -5.391, p<0.0176 (1-tailed).  The mean decrease in scores was 
-0.1 log units with a 95% confidence interval ranging from -0.14  to -
0.06 log units.  The eta squared statistic (0.57) indicated a large effect 
size.   
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5.21.3. Street lighting 
The Wilcoxon Signed Ranked Test was used to compare the data in the street 
lighting condition due to the 70% contrast dataset being skewed.  Descriptive 
statistics for visual acuity in street lighting for 90%, 70%, 50% and 30% 
contrast charts are detailed in Table 5.11 and Figure 5.27. 
 
Table 5.11.  Descriptive statistics for log visual acuity under street lighting 
 
Contrast n Median 
(log units)  
IQR       
(log units) 
90% contrast 30 0.25 0.3 
70% contrast 30 0.3 0.2 
50% contrast 26 0.4 0.2 
30% contrast 17 0.5 0.1 
 
 
Figure 5.27.  Box-plots detailing median and IQR log visual acuity values 
under street lighting  
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Table 5.22 details the results from the Wilcoxon Signed Ranks analysis of the 
four contrast charts under street lighting.  Effect size was calculated using the 
following formula:  Effect size = z
√𝑛
 
 
Table 5.22. Significance results for contrast levels under street lighting 
 
Paired comparisons 
(contrast levels) 
Asymp. Sig 
(1 tailed) 
z Effect size 
(r) 
90% - 70% contrast p = 0.046 -1.689 -0.23  
70% - 50% contrast p = 0.000 -3.328 -0.48  
50% - 30% contrast p = 0.000 -3.358 -0.58  
The effect size criteria given by Cohen (1988) for non-parametric statistics of 0.1 = small 
effect, 0.3 = medium effect and 0.5 = large effect has been used. 
 
 
The Wilcoxon Signed Rank Test revealed: 
1. A non significant reduction in visual acuity between the 90% and 70% 
contrast charts, z = -1.689, p>0.0167 with a small effect size (r = -0.23).  
The median score decreased by 0.05 log units from 90% (Md = 0.25) to 
70% contrast (Md = 0.3); however, this was not significant. 
 
2. A significant reduction in visual acuity between the 70% and 50% 
contrast charts, z = -3.328, p<0.0167 with an approaching large effect 
size (r = -0.48). The median score decreased by 0.1 log units from 70% 
(Md = 0.3) to 50% contrast (Md = 0.4).  
 
3. A significant reduction in visual acuity between the 50% and 30% 
contrast charts, z = -3.358, p<0.0167 with a large effect size (r = -0.58). 
The median score decreased by 0.05 log units from 50% (Md = 0.4) to 
30% contrast (Md = 0.45).  
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5.21.4. Results summary 
A total of nine paired comparisons were conducted on the datasets to 
determine where variations in contrast affect the visual acuity capability of 
older adults.  Table 5.23 provides a summary of the statistical results obtained 
from the paired comparisons analysis on the four contrast levels for each 
illumination condition.    
 
Table 5.23.  Summary of paired comparison results for contrast levels in each 
illumination condition 
 
Illumination 
condition 
Paired comparisons (contrasts) 
90%-70% 70%-50% 50%-30% 
Overcast t(36)=-1.466, p=.076 t(35)=-3.82, p=.000 t(30)=-3.76, p=.000 
 Not significant Significant Significant 
In-house t(31)=-4.776, p=.000 t(30)=-3.102, p=.002 t(22)=-5.391, p=.000 
 Significant Significant Significant 
Street lighting z=-1.689, p=.046 z=-3.328, p=.000 z=-3.358, p=.000 
 Not significant Significant Significant 
The Bonferroni method was used to avoid a Type 1 error due to conducting multiple 
comparisons, thus a difference is significant when p<.0176 
 
Table 5.24 presents the visual acuity capabilities of the study participants 
under each of the everyday ambient illumination conditions tested.  For the 
overcast and street lighting conditions visual acuity did not significantly 
decrease between 90% and 70% contrast; thus visual acuity capability data is 
presented for ≥70% contrast. The data displayed in Table 5.24 are based on 
the full set of participant scores for each dataset/test condition i.e. those 
presented in the descriptive statistics tables (Table 5.7, 5.9 and 5.11).   
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Table 5.24. Older adults’ log visual acuity capabilities under different everyday 
ambient illumination levels – effect of contrast 
 
Condition Contrast n Mean SD Median IQR Min Max 
Overcast ≥70% 37 0.12 0.18 0.1 0.2 -0.2 0.5 
 50% 36 0.18 0.13 0.2 0.2 -0.1 0.4 
 30% 31 0.26 0.12 0.3 0.1 0.0 0.5 
In-house 90% 36 0.23 0.16 0.2 0.275 -0.2 0.5 
 70% 33 0.28 0.16 0.3 0.25 0.0 0.5 
 50% 31 0.32 0.13 0.3 0.2 0.1 0.5 
 30% 23 0.38 0.08 0.4 0.1 0.2 0.5 
Street ≥70%* 30 0.27 0.16 0.25 0.3 0.0 0.5 
 50% 26 0.38 0.1 0.4 0.2 0.2 0.5 
 30% 17 0.45 0.05 0.5 0.1 0.4 0.5 
*90% contrast dataset has been used as 70% contrast street lighting dataset was skewed.  
There was no significant difference between these two conditions. 
 
What these results mean in terms of the actual size of letters (mm) that can 
be perceived successfully will now be detailed.  The use of the coarse grading 
and scoring system (i.e. 0.1 log units) does not allow for interpolation between 
the log sizes measured (Bailey et al, 1991).  Thus, rounded mean values have 
been reported for older adults’ visual acuity capability and capability 
decrements.  Whilst this is not the true mean value of the dataset, the 
rounded mean provides the most accurate value in relation to the type of data 
gathered and the measuring scale used.  Table 5.25 details the mean, 
rounded mean and letter size values for the sample’s visual acuity capabilities 
in each of the conditions tested.      
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Table 5.25.  Older adults’ visual acuity capabilities - rounded mean and letter 
size (mm) values for each illumination condition 
 
Illumination  
condition 
Contrast Mean 
(log units) 
Rounded mean 
(log units) 
Letter size  
(mm) 
Overcast ≥70% 0.12 0.1 1.8mm 
 50% 0.18 0.2 2.3mm 
 30% 0.26 0.3 2.9mm 
In-house 90% 0.23 0.2 2.3mm 
 70% 0.28 0.3 2.9mm 
 50% 0.32 0.3 2.9mm 
 30% 0.38 0.4 3.7mm 
Street lighting ≥70%* 0.27 0.3 2.9mm 
 50% 0.38 0.4 3.7mm 
 30% 0.45 0.5 4.7mm 
*90% contrast dataset has been used as 70% contrast street lighting dataset was skewed.  
There was no significant difference between these two conditions. 
 
The rounded mean letter size (mm) values for each condition have been 
plotted in Figure 5.28 to illustrate the reduction in older adults’ visual acuity as 
a result of contrast.   
 
Figure 5.28. Mean letter size (mm) visual acuity for each ambient illumination 
condition – effects of contrast 
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5.22. RQ3: Results  
RQ3 To what extent do everyday ambient illumination levels affect older 
adults’ visual acuity? 
 
This section of the analysis focuses on the effect illumination has on the visual 
acuity capabilities of older adults.  Paired comparisons have been made 
between overcast and in-house, and in-house and street lighting conditions 
across each of the contrast levels tested.  Thus, two paired comparisons were 
made per contrast level; applying the Bonferroni method means a p-value 
<0.025 was significant; this was to avoid a Type 1 error.    Appendix B7 details 
the SPSS statistical analysis results tables for the findings presented within 
this section.   
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5.22.1. 90% contrast 
All datasets for the 90% contrast charts were normally distributed; thus paired 
t-tests were used for the analysis. Descriptive statistics for log visual acuity at 
90% contrast under each of the ambient illumination conditions are provided 
in Table 5.26 and Figure 5.29. 
 
Table 5.26.  Descriptive statistics for log visual acuity at 90% contrast  
 
Illumination n Mean 
(log units)  
Standard Deviation 
(log units) 
Overcast 38 0.1 0.18 
In-house 36 2.3 0.17 
Street lighting 30 2.7 0.16 
 
 
 
Figure 5.29. Plot of mean and standard deviation values for log visual acuity 
at 90% contrast across illumination conditions 
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Table 5.27 details the results from the paired t-test comparisons for 90% 
contrast visual acuity under each of the ambient illumination conditions.   
 
Table 5.27. Paired comparison results for visual acuity at 90% contrast 
between illumination conditions 
 
Paired comparison 
(Illumination conditions) 
Sig           
(1-tailed) 
t Eta 
squared 
Overcast - In-house p = 0.000 -6.921 0.6 
In-house - Street p = 0.000 -3.633 0.3 
The effect size criteria given by Cohen (1988) for parametric statistics of 0.01 = small effect, 
0.06 = medium effect and 0.14 = large effect has been used. 
 
The paired samples t-tests revealed that at 90% contrast: 
 
1. There was a statistically significant decrease in visual acuity from 
overcast (M = 0.09, SD = 0.18), to the in-house lighting condition (M = 
0.23, SD = 0.17), t(35) = -6.921, p<0.025 (1-tailed).  The mean 
decrease in visual acuity was -0.14log units with a 95% confidence 
interval ranging from -0.19 to -0.10.  The eta squared statistic (0.6) 
indicated a large effect size. 
 
2. There was a statistically significant decrease in visual acuity from in-
house lighting (M = 0.27, SD = 0.16), to the street lighting condition (M 
= 0.27, SD = 0.16), t(29) = -3.633, p<0.025 (1-tailed).  The mean 
decrease in visual acuity was 0.07log units with a 95% confidence 
interval ranging from -0.11 to -0.03.  The eta squared statistic (0.3) 
indicated a large effect size. 
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5.22.2. 70% contrast 
The Wilcoxon Signed Ranks Test was used for the paired comparisons of the 
70% contrast datasets due to the street lighting dataset being significantly 
skewed. Descriptive statistics for log visual acuity at 70% contrast under each 
of the illumination conditions are provided in Table 5.28 and Figure 5.30. 
 
Table 5.28.  Descriptive statistics for log visual acuity at 70% contrast  
 
Illumination condition n Median 
(log units)  
IQR          
(log units) 
Overcast 37 0.1 0.2 
In-house 33 0.3 0.2 
Street lighting 30 0.3 0.25 
 
 
 
Figure 5.30. Box-plots detailing median and IQR values for visual acuity at 
70% contrast across illumination conditions 
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Table 5.29 details the results from the Wilcoxon Signed Ranks test 
comparisons for 70% contrast visual acuity under each of the ambient 
illumination conditions.   
 
Table 5.29. Wilcoxon Signed Ranks test results for visual acuity at 70% 
contrast between illumination conditions 
 
Paired comparison 
(illumination conditions) 
Asymp. Sig    
(1 tailed) 
z Effect size 
(r) 
Overcast - In-house p = 0.000 -4.922 -0.88 
In-house - Street p = 0.021 -2.03 -0.3 
The effect size criteria given by Cohen (1988) for non-parametric statistics of 0.1 = small 
effect, 0.3 = medium effect and 0.5 = large effect has been used. 
 
The Wilcoxon Signed Ranks test revealed: 
1. A significant reduction in visual acuity between overcast and in-house 
lighting, z = -4.922, p<0.025, with a large effect size (r = -0.88).  The 
median score decreased by 0.2 log units from overcast (Md = 0.1) to 
in-house (Md = 0.3) lighting condition. 
 
2. A significant reduction in visual acuity between in-house and street 
lighting, z = -2.03, p<0.025, with a medium effect size (r = -0.3).  There 
was no decrease in median scores at 70% contrast between in-house 
(Md = 0.3) and street lighting (Md = 0.3). 
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5.22.3. 50% contrast 
All datasets for the 50% contrast LogMAR acuity charts were normally 
distributed, thus paired t-tests were used for the analysis. Descriptive 
statistics for log visual acuity at 50% contrast under each of the ambient 
illumination conditions are provided in Table 5.30 and Figure 5.31. 
 
Table 5.30.  Descriptive statistics for log visual acuity at 50% contrast  
 
Illumination condition n Mean 
(log units)  
Standard Deviation 
(log units) 
Overcast 36 0.18 0.13 
In-house 31 0.32 0.13 
Street lighting 26 0.38 0.1 
 
 
Figure 5.31. Plot of mean and standard deviation values for visual acuity at 
50% contrast across illumination conditions 
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Table 5.31 details the results from the paired t-test comparisons for 50% 
contrast visual acuity under each of the ambient illumination conditions.   
 
Table 5.31. Paired t-test significance results for visual acuity at 50% contrast 
between illumination conditions 
 
Paired comparison 
(illumination conditions) 
Sig 
(1-tailed) 
t Eta 
squared 
Overcast - In-house p = 0.000 -6.839 0.6 
In-house - Street p = 0.000 -5.136 0.5 
The effect size criteria given by Cohen (1988) for parametric statistics of 0.01 = small effect, 
0.06 = medium effect and 0.14 = large effect has been used. 
 
The paired samples t-tests revealed that at 50% contrast: 
 
1. There was a statistically significant decrease in visual acuity from 
overcast (M = 0.16, SD = 0.12), to the in-house lighting condition (M = 
0.32, SD = 0.13), t(30) = -6.839, p<0.025 (1-tailed).  The mean 
decrease in visual acuity was   -0.16 log units with a 95% confidence 
interval ranging from -0.2 to -0.11.  The eta squared statistic (0.6) 
indicated a large effect size. 
 
2. There was a statistically significant decrease in visual acuity from in-
house (M = 0.28, SD = 0.11), to the street lighting condition (M = 0.38, 
SD = 0.1), t(24) = -5.136, p<0.025 (1-tailed).  The mean decrease in 
visual acuity was -0.1 log units with a 95% confidence interval ranging 
from -0.13 to -0.06.  The eta squared statistic (0.5) indicated a large 
effect size. 
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5.22.4. 30% contrast 
All datasets for the 30% contrast charts were normally distributed; thus paired 
t-tests were used for the analysis.  Descriptive statistics for log visual acuity at 
30% contrast under each of the illumination conditions are provided in Table 
5.32 and Figure 5.32. 
 
Table 5.32.  Descriptive statistics for log visual acuity at 30% contrast across 
illumination conditions 
 
Illumination condition n Mean 
(log units) 
Standard Deviation 
(log units) 
Overcast 31 0.26 0.12 
In-house 23 0.38 0.08 
Street lighting 17 0.45 0.05 
 
 
 
Figure 5.32. Plot of mean and standard deviation values for visual acuity at 
30% contrast across illumination conditions 
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Table 5.33 details the paired t-test comparisons for 30% contrast visual acuity 
under each of the ambient illumination conditions.     
 
Table 5.33. Paired t-test significance results for visual acuity at 30% contrast 
between overcast and in-house illumination conditions 
 
Paired comparison 
(illumination conditions) 
Sig         
(1-tailed) 
t Eta 
squared 
Overcast - In-house p = 0.000 -6.614 0.68 
In-house - Street p = 0.000 -4.848 -0.61 
The effect size criteria given by Cohen (1988) for parametric statistics of 0.01 = small effect, 
0.06 = medium effect and 0.14 = large effect has been used. 
 
 
1. The paired samples t-tests revealed that at 30% contrast there was a 
statistically significant decrease in visual acuity from overcast (M = 
0.23, SD = 0.12), to the in-house lighting condition (M = 0.40, SD = 
0.07), t(20) = -6.614, p<0.025 (1-tailed).  The mean decrease in visual 
acuity was   -0.17 log units with a 95% confidence interval ranging from 
-0.22 to -0.11 log units.  The eta squared statistic (0.68) indicated a 
large effect size. 
 
2. The paired samples t-tests revealed that at 30% contrast there was a 
statistically significant decrease in visual acuity from in-house (M = 
0.38, SD = 0.08), to the street lighting condition (M = 0.45, SD = 0.05), 
t(15) = -4.484, p<0.025 (1-tailed).  The mean decrease in visual acuity 
was   -0.09 log units with a 95% confidence interval ranging from -0.14 
to -0.05 log units.  The eta squared statistic (-0.61) indicated a large 
effect size. 
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5.22.5. Results summary 
A total of eight paired comparisons were conducted on the datasets to 
determine whether variations in everyday illumination levels affected the 
visual acuity of older adults.  Table 5.34 provides a summary of the statistical 
results obtained from the paired comparisons analysis on the illumination 
levels.    
 
Table 5.34.  Summary of paired comparison results for illumination conditions 
across all contrast levels 
 
 Paired comparisons 
Contrast level Overcast - In-house In-house - Street 
90% contrast t(35)=6.614, p=.000 t(29)=-3.633, p=.000 
 Significant Significant 
70% contrast z=-4.922, p=.000 z=-2.03, p=.021 
 Significant Significant 
50% contrast t(30)=-6.839, p=.000 t(24)=-5.136, p=.000 
 Significant Significant 
30% contrast t(20)=6.614. p=.000 t(15)=-4.484, p=.000 
 Significant Significant 
The Bonferonni method was used to avoid a Type 1 error due to conducting multiple 
comparisons, thus a difference was deemed significant when p<0.025 
 
What these results mean in terms of the actual size of letters (mm) that can 
be perceived successfully will now be detailed.  Table 5.35 details the visual 
acuity capabilities of the study sample under each of the everyday illumination 
conditions.  The data displayed in Table 5.35 are based on the full set of 
participant scores for each dataset/test condition i.e. those presented in the 
descriptive statistics tables (Table 5.26, 5.28, 5.30 and 5.32).  Again, the 
rounded mean values have been reported for older adults’ visual acuity 
capabilities and capability decrements as the coarse grading and scoring 
system used does not allow for interpolation between the log sizes measured 
(Bailey et al, 1991). 
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Table 5.35.  Older adults’ visual acuity capabilities – effects of ambient 
illumination on visual acuity  
 
Contrast Illumination 
condition 
Mean 
(log units) 
Rounded mean 
(log units) 
Letter size  
(mm) 
90% Overcast 0.1 0.1 1.8mm 
 In-house 0.23 0.2 2.3mm 
 Street lighting 0.27 0.3 2.9mm 
70% Overcast 0.12 0.1 1.8mm 
 In-house 0.28 0.3 2.9mm 
 Street lighting 0.3* 0.3* 2.9mm* 
50% Overcast 0.18 0.2 2.3mm 
 In-house 0.32 0.3 2.9mm 
 Street lighting 0.38 0.4 3.7mm 
30% Overcast 0.26 0.3 2.9mm 
 In-house 0.38 0.4 3.7mm 
 Street lighting 0.45 0.5 4.7mm 
*Median value presented as dataset was significantly skewed 
 
The rounded mean letter size (mm) values for each contrast level have been 
plotted in Figure 5.33 to illustrate the extent to which the older adults’ visual 
acuity capability was reduced as a result of ambient illumination.   
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Figure 5.33. Rounded mean letter size (mm) visual acuity values for each 
contrast level – effects of ambient illumination 
 
5.22.6. Product task measures 
For the product task measures, participants were asked to complete a total of 
12 visual tasks with real world products in each ambient illumination condition. 
Every time a participant identified the specified product visual characteristic 
(symbols, markings and/or text) correctly, they were given 1 point. Thus, for 
each ambient illumination condition, a participant would receive a product 
score of between 0 and 12 points.  This type of data can be classed as ordinal 
data as the distance between the neighbouring points are not the same, so a 
score of 8 is better than a score of 4; however it is not twice as good.  
Descriptive statistics for participants’ visual performance with product task 
measures in each ambient illumination condition are provided in Table 5.36 
and Figure 5.34.  Product task measures descriptive statistics and histograms 
for each ambient illuminate are detailed in Appendix B8 along with the SPSS 
results tables for the paired comparisons. 
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Table 5.36. Descriptive statistics for product tasks 
 
Illumination n Median 
(Points)                 
IQR   
(Points)  
Overcast 38 9 4.25 
In-house 38 8 5.25 
Street lighting 38 6 6 
 
 
 
 
Figure 5.34.  Box-plots detailing median and IQR visual performance for 
product tasks 
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The data was further analysed using paired comparisons to determine 
whether the differences in product task performance, as a result of changes in 
ambient illumination, were significant.  Also, paired comparisons were used to 
ensure consistency in analysis techniques throughout Study 2.  As the data 
are classed as ordinal, the non-parametric Wilcoxon Signed Ranks test was 
used for the paired comparisons.  As two paired comparisons were made on 
the data, the Bonferroni method was applied, which meant a p-value <0.025 
was deemed significant.  The results from the Wilcoxon Signed Ranks test are 
detailed in Table 5.37.   
 
Table 5.37. Wilcoxon Signed Ranks test results for visual product task 
performance data  
 
Paired comparison 
(illumination conditions) 
Asymp. Sig 
(1 tailed) 
z Effect size 
(r) 
Overcast – In-house p = 0.000 -4.725 -0.77 
In-house - Street p = 0.000 -5.005 -0.81 
The effect size criteria given by Cohen (1988) for non-parametric statistics of 0.1 = small 
effect, 0.3 = medium effect and 0.5 = large effect has been used. 
 
The Wilcoxon Signed Rank Test revealed: 
 
1. A significant reduction in product task visual performance between the 
overcast and in-house ambient illumination conditions, z = -4.725, 
p<0.025 with a large effect size (r = -0.77). The median score 
decreased by 1 point from overcast (Md = 9) to in-house (Md = 8).  
 
2. A significant reduction in product task visual performance between the 
in-house and street lighting ambient illumination conditions, z = -5.005, 
p<0.025 with a large effect size (r = -0.81). The median score 
decreased by 2 points from in-house (Md = 8) to street lighting         
(Md = 6).  
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5.23. RQ5: Results 
RQ5 Are LogMAR acuity measures good predictors of older adults’ visual 
ability with products? 
 
Correlation coefficients were calculated to determine whether LogMAR acuity 
charts were good predictors of an older adult’s visual ability with products 
under everyday ambient illumination conditions.  Spearman’s rho correlation 
coefficients (rs) were calculated to determine the strength of this relationship.  
Spearman’s correlation coefficients were used as the product scores obtained 
can be classed as ordinal data (i.e. non parametric).  The correlation analysis 
investigated the relationship between participant mean acuity score and 
product score for each ambient illumination condition: results are detailed in 
Table 5.38. Scatter plots and SPSS correlation coefficients results tables for 
this data are detailed in Appendix B9. 
 
Table 5.38. Spearman’s rho (rs) correlation results between average acuity 
score and product score for each ambient illumination condition 
 
 Overcast mean acuity score 
In-house mean acuity 
score 
Street lighting mean 
acuity score 
 rs CoD n p rs CoD n p rs CoD n p 
 
Overcast 
product 
score 
 
 
 
-0.6 
 
 
36% 
 
 
32 
 
 
.000 
        
 
In-house 
product 
score 
 
     
 
-0.6 
 
 
36% 
 
 
23 
 
 
.004 
    
 
Street 
lighting 
product 
score 
 
         
 
-0.6 
 
 
36% 
 
 
16 
 
 
.012 
CoD = Coefficient of Determination (shared variance between the two variables) 
Correlations are significant at the p<0.05 level (2-tailed) 
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The values from these correlations have been interpreted using the guidelines 
detailed by Cohen (1988), which are also referenced in statistical guides 
(Pallant, 2007 and 2010).  The guidelines followed are detailed in Table 5.39. 
 
Table 5.39.  Relationship strength of Spearman’s correlation values  
(Cohen, 1988) 
 
Relationship strength Pearson’s (r) value 
Small (weak) .01 to .29 
Medium .30 to .49 
Large (strong) .50 to 1.0 
 
Table 5.38 shows that a negative relationship exists in all conditions between 
visual acuity on the LogMAR acuity charts and visual ability with product 
tasks.  Generally, a negative (-r) correlation indicates a high score on one 
variable and a low score on the other; however, a low LogMAR acuity score 
e.g. -0.2log units, indicates a high visual acuity, whereas, a high product score 
also indicates a high visual ability.  Thus, the negative relationship actually 
indicates high scores on both variables.  The results from the Spearman’s rho 
correlation coefficients (rs) showed that in the:  
• Overcast ambient illumination condition there was a strong, negative 
correlation between the two variables, rs=-0.6, CoD=36%, n=32, 
p<0.05, with a low LogMAR score (a high visual ability) being 
associated with a high product score.  The CoD value indicated that 
these two variables share 36% of their variance, i.e. 36% of the 
variance on the product tasks is predictable from performance on the 
LogMAR charts.   
• In-house ambient illumination condition there was a strong, negative 
correlation between the two variables, r=-0.6, CoD=36%, n=23, p<0.05, 
with a low LogMAR acuity score (a high visual ability) being associated 
with a high product score.  The CoD value indicated that these two 
variables share 36% of their variance.  
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• Street lighting condition there was a strong, negative correlation 
between the two variables, r=-0.6, CoD=36%, n=16, p<0.05, with a low 
LogMAR acuity score (a high visual ability) being associated with a 
high product score.  Again, the CoD value indicated that these two 
variables share 36% of their variance. 
 
Overall, the results from this analysis showed that a strong negative 
relationship (r>-.50) exists, in all conditions, between LogMAR acuity and 
visual ability with product tasks.  Each correlation was significant at the 
p<0.05 level, indicating a high level of confidence can be associated with the 
results. 
 
5.24. Discussion  
The purpose of this study was to answer RQ2, RQ3 and RQ5.  The answers 
to these research questions will now be discussed: 
5.24.1. RQ2: Discussion 
RQ2 What are older adults’ visual acuity capabilities under different 
everyday ambient illumination levels? 
 
This experiment measured older adults’ visual acuity at four different contrast 
levels (90%, 70%, 50% and 30% contrast), in three different everyday 
ambient illumination conditions (overcast, in-house and street lighting).  The 
purpose was to obtain accurate, reliable and valid measures of older adults’ 
visual acuity capabilities under each of these everyday ambient illumination 
conditions.  The results obtained from this statistical analysis showed that 
older adults’ visual acuity capabilities can vary significantly under different 
everyday ambient illumination levels as a result of contrast.  In all three 
ambient illumination conditions, visual acuity significantly (p<0.0176) 
decreased when contrast was reduced from 70% to 50%, and from 50% to 
30%.  When contrast was reduced from 90% to 70% a significant reduction in 
visual acuity was only observed in the in-house ambient illumination condition.  
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It is difficult to explain this result, but it might be related to the spectral 
frequency of the light emitted from the incandescent bulbs.  Once the 
temperature of an incandescent bulb has increased the light emitted from it is 
towards the blue end of the spectrum, (Boyce, 1981), whereas the street light 
(i.e. low pressure sodium) renders light orange and the Solar Simulation lamp 
renders light equally across all wavelengths (Boyce, 1981).  Dalke et al (2012) 
investigated the impact of contrast on object perception under ambient 
illumination levels (200-400 lx) similar to that simulated for the in-house 
condition (150 lx).  The study focussed on determining the distance which 
objects of varying sizes (50mm2 and 1000mm2) could be clearly distinguished 
by people with visual impairments.  The study results also showed that for 
small objects (50mm2) contrast had a significant impact on viewing distance 
under such illumination conditions, and diminishing returns did not apply after 
70% contrast.  These results, taken together with the results from Study 2 
would indicate that all levels of contrast have a significant effect on object 
perception under such illumination intensities (e.g. 150-400 lx).        
   
The results also showed that contrast affected older adults’ visual acuity 
capability to a greater extent at lower ambient illumination levels.  Results 
from the experiment showed that, on average, letters 1.8mm smaller could be 
read under street lighting when contrast was increased from 30% to 90%; 
compared to overcast where the difference was only 1.1mm.  This finding is 
consistent with studies which have investigated older adults’ visual 
performance in a range of ambient illumination levels.  For example, in 
Chapter 2b (section 2.11.2) studies by Bodmann’s (1962, 1967) were 
reported, which showed low illumination levels have a major effect on older 
adults’ visual performance.  Smith and Rea (1978) also found older adults 
were affected to a greater extent by low illumination levels and increased 
illumination had a stronger effect on their visual ability.  Overall, these findings 
show that in order to accurately detail older adults’ visual acuity capabilities 
under different everyday ambient illumination conditions then it is essential 
that contrast is considered.  Failure to consider the effect of contrast on visual 
acuity under everyday ambient illumination conditions could easily result in 
Chapter 5c: Study 2: Effects of everyday ambient illumination levels: Results 
223 
 
older adults being unable to perceive the necessary product detail meaning 
they either experience difficulty and frustration or exclusion.  
 
Therefore, in answer to RQ2, Table 5.24 (Section 5.21.4) provides the raw 
statistics which detail the range of older adults’ visual acuity capabilities at 
each of the tested contrast levels under each of the ambient illumination 
conditions.  
 
However, as discussed in section 5.21.4, the raw statistics produced from the 
analysis refer to letter sizes that were not tested, e.g. 0.12 log units, as the 
coarse grading and scoring system used (i.e. 0.1 log units) does not allow for 
interpolation between the log sizes (Bailey et al, 1991).  Thus, in answer to 
RQ2, Table 5.25 should be used to determine older adults’ visual acuity 
capabilities under different everyday ambient illumination conditions.  
 
These findings have important implications for the data translation phase of 
this thesis (Chapter 6) as multiple datasets will need to be translated into a 
suitable form for designers, especially if products are to prove to be inclusive 
when used in everyday environments.   
5.24.2. RQ3: Discussion 
RQ3 To what extent do everyday ambient illumination levels affect older 
adults’ visual acuity? 
 
In order to answer this question, older adults’ visual acuity capabilities, at 
each contrast level, were compared across the three ambient illumination 
conditions.  These were: overcast (6000 lx), in-house (150 lx) and street 
lighting (7.5 lx).  From the statistical analysis it was apparent that visual acuity 
was significantly affected by everyday ambient illumination levels.  Significant 
decreases in visual acuity were observed between all conditions at each of 
the contrast levels tested.  In terms of the extent to which visual acuity 
decreased as a result of ambient illumination it was found that: 
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• For all contrast levels tested, visual acuity decreased by 0.2 log units 
between the overcast and street lighting conditions; 
• For the 90%, 50% and 30% contrast charts, a 0.1 log unit mean 
decrease in acuity was observed between the overcast and in-house 
illumination condition, and between in-house and street lighting 
condition: 
• For the 70% contrast chart a 0.2 log unit decrease in visual acuity was 
observed between the overcast and in-house condition and no 
decrease was observed between the in-house and street lighting 
condition.   
 
In relation to actual letter size (mm), the most noticeable result to emerge 
from the analysis was the impact illumination had on letters printed at 30% 
contrast; participants could read letters 1.8mm smaller under overcast          
(M = 2.9mm) illumination compared to street lighting (M = 4.7mm).  For letters 
printed at 50% contrast, participants could read letters 1.4mm smaller under 
overcast illumination (M = 2.3mm) compared to street lighting (M = 4.7mm).  
For letters printed at both 70% and 90% contrast, participants could read 
letters 1.1mm smaller under overcast illumination (M = 1.8mm) compared to 
street lighting (M = 2.9mm).  Thus, results from Study 2 suggest that everyday 
ambient illumination conditions have a lesser effect on letters printed at higher 
contrast levels i.e. 90% and 70% contrast.  The impact of illumination on 
letters printed at lower contrast levels (50% and 30% contrast) can be 
explained by the fact that older adults have reduced contrast sensitivity as a 
result of ageing, i.e. older adults require a greater amount of contrast to see a 
target (Owsley et al, 1983).  It is thought that the reduced retinal illumination 
characteristic of the ageing eye accounts for a large part of this, especially at 
lower illumination levels (Owsley et al, 1983).   
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These reductions in visual acuity have important implications in relation to the 
way visual capability is mapped across the ageing population.  Results show 
that everyday ambient illumination levels can cause a 0.2 log unit decrease in 
older adults’ visual acuity.  The rounded mean performance scores indicate 
that the average visual acuity capability of older adults, under certain 
conditions (in-house 30% contrast; street lighting 50% and 30% contrast) is 
the same as somebody registered with having mild sight loss (i.e. having an 
acuity score of 0.4 or 0.5 log units).  This reduction in capability, as a result of 
ambient illumination levels and contrast, changes the way capability loss is 
mapped across the ageing population.  Benktzon’s (1993) user pyramid 
(Figure 1.2), with the majority of the population being able-bodied or with 
minor impairments, is not an accurate representation of older adults’ visual 
acuity capabilities under such conditions, as reductions in ambient illumination 
and contrast moves older adults up the pyramid.  Thus, the spread of older 
adults’ visual acuity capabilities, under such conditions, would be better 
represented in the shape of a pentagon.  In other words, the base of the 
pyramid would be much narrower as fewer people would be classed as able-
bodied, the central section (i.e. people with mild impairments) would be the 
broadest part due to the significant reduction in visual ability caused through 
ambient illumination and contrast, and the top of the pyramid would also be 
broader due to the people being moved up the pyramid.  In essence, a 
pentagon shape would therefore better represent the way visual ability is 
mapped across the ageing population under such conditions.  These changes 
in visual capability will require designers to substantially broaden the limits of 
their designs; a ‘bottom-up’ design approach may therefore not result in the 
largest number of people with being included.  
 
One of the issues to emerge from the analysis was the implications of using a 
coarse grading scale and scoring system.  In particular, it did not allow for 
interpolation between the log unit sizes used, which meant that mean 
statistics for each dataset had to be rounded to the nearest log value tested.  
Through doing this, it tended to increase the difference between the acuity 
values compared to the raw data values.  Whilst the scale used was sensitive 
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enough to detect changes in illumination and contrast, a slightly finer scale 
may have been more suitable.  Another factor which influenced the study 
results was the range of letter sizes used on the LogMAR acuity charts; there 
were insufficient larger letter sizes on the charts which meant that the 
variability in the sample’s visual acuity across all test conditions could not be 
fully captured. 
 
The results from the visual product task measures were also consistent with 
the findings from the LogMAR acuity charts.  In particular, a significant 
reduction in visual task performance was observed between each ambient 
illumination condition.  On average, the number of characteristics identified 
correctly decreased as ambient illumination decreased, with only 1 in 2 
characteristics being identified correctly in the street lighting condition        
(Md = 6).  It is interesting to note that median performance results showed 
that, out of the selection of everyday products used, there were characteristics 
which could not be identified correctly in each of the conditions.  Findings from 
this part of the experiment show that there is a need to consider older adults’ 
visual abilities in everyday environments when designing products as 
currently there are visual characteristics on everyday products which are 
unable to be perceived by older adults. 
 
Results from this section of the experiment have shown that changes in 
everyday ambient illumination levels significantly affect older adults’ visual 
ability with both component function and product measures.   On average, 
participants could detect detail around 1.6 times smaller on the LogMAR 
charts when under overcast conditions compared to street lighting.  This is 
much less than the 10 times statistic quoted by Hopkinson and Collins (1970); 
however this was based on a much greater illumination range (i.e. between 
daylight and at night under starlight).  Overall, Study 2 has shown that there is 
a need to consider older adults’ visual acuity capabilities under differing 
everyday ambient illumination conditions when designing and developing 
everyday products.  Failure to do so could result in older adults experiencing 
exclusion either completely or in certain everyday conditions.  Capability data 
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that details the effects of ambient illumination on older adults’ visual acuity is 
therefore necessary.  Again, these findings have important implications for the 
data translation phase of this research (Chapter 6) as multiple datasets will 
need to be detailed.  
5.24.3. RQ5: Discussion 
Are LogMAR acuity measures good predictors of older adults’ visual 
ability with products? 
 
Correlations were conducted on the data to determine the strength of the 
relationship between LogMAR acuity charts and visual product interaction 
capability.  More specifically, a major assumption underlying the use of 
LogMAR acuity charts was that they could accurately predict how well a 
person can interact with a product from a visual perspective.  However, no 
research evidence was found to examine this relationship until now.   
 
Results from the correlation analysis have provided consistent results in each 
ambient illumination condition.    The findings from the Spearman’s rho (rs) 
correlations showed that, in each of the ambient illumination conditions tested, 
a large/strong significant relationship existed between ability on the LogMAR 
acuity charts and visual ability to complete product tasks.  These results show 
that, as a component function measure, LogMAR acuity charts are good 
predictors of older adults’ visual ability with products.  Thus, confidence can 
be had in the generalisability of the data produced from LogMAR acuity charts 
to the visual characteristics of products.   
 
One source of weakness in this study, which could have affected the results, 
was the correlation analyses for each condition only considered participants 
who were able to obtain an acuity score on each LogMAR acuity chart (90%, 
70%, 50% and 30% contrast LogMAR charts), i.e. those with reasonably good 
visual acuity.  Thus, the sample size on which the correlations are based 
varies across the ambient illumination conditions.  In particular, the lower the 
ambient illumination level, the smaller the sample on which the correlations 
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were based.  Caution must therefore be applied to the street lighting 
correlation as it is based on a relatively small sample size i.e. n<20.  The 
participants who were unable to obtain an acuity score on each of the charts 
generally obtained a lower product score: in the overcast condition these 
participants achieved an average product score of 7; for the in-house 
condition an average of 6; for street lighting an average score of 5.  These 
results support the finding that LogMAR acuity charts are able to predict how 
well a person can interact with a product from a visual perspective as those 
who did not achieve an acuity score on all LogMAR charts generally 
performed worse on the product tasks.   
 
Overall, findings from the correlation analyses indicate that confidence can be 
had in the use of LogMAR acuity chart data in its application to the design of 
everyday products.  The next stage of this research will focus on how this 
data can be translated into a usable form for designers; this will be addressed 
in Chapter 6. 
5.25. Conclusions 
This chapter has focussed on the effect of everyday ambient illumination 
levels and contrast on older adult’s (+65 years) visual acuity.  The purpose of 
this experiment was to answer research questions RQ2, RQ3 and RQ5 which 
were generated following a review of relevant literature in Chapters 2b and 
4a.  The following conclusions can be drawn from the present study: 
 
RQ2 What are older adults’ visual acuity capabilities under different 
everyday ambient illumination levels? 
 
This experiment has shown that older adults’ visual acuity capabilities can 
vary significantly under everyday ambient illumination levels as a result of 
contrast.  Results from Study 2 have shown that contrast affected older adults’ 
visual acuity capability to a greater extent at lower ambient illumination levels 
i.e. street lighting and in-house.  In particular, one of the more significant 
findings to emerge from this experiment was that under street lighting the size 
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of detail able to be distinguished can vary by an average of 1.8mm as a result 
of contrast.  In each of the three ambient illumination conditions tested, visual 
acuity significantly decreased when contrast was reduced from 70% to 50%, 
and from 50% to 30%.  When contrast was reduced from 90% to 70% a 
significant reduction in visual acuity was only observed in the in-house 
ambient illumination condition.  Thus, the evidence from this study suggests 
that increasing the contrast of product detail beyond 70% has no effect on its 
legibility if viewed under overcast or street lighting ambient illumination 
conditions.  Overall, these findings show that in order to accurately detail older 
adults’ visual acuity capabilities under different everyday ambient illumination 
conditions then it is essential that contrast is considered.  Failure to consider 
the effect of contrast on visual acuity under everyday ambient illumination 
conditions could easily result in older adults being unable to perceive the 
necessary product detail and therefore potentially become excluded from 
product use. 
 
RQ3 To what extent do everyday ambient illumination levels affect 
older adults’ visual acuity? 
 
Study 2 has also shown that older adults’ visual acuity capabilities can vary 
significantly as a result of everyday ambient illumination levels.  Significant 
decreases in visual acuity were observed between all conditions at each of 
the four contrast levels tested.  On average, participants could distinguish 
detail around 1.6 times smaller on the LogMAR acuity charts when under 
overcast conditions compared to street lighting.  The results from the visual 
product tasks were also consistent with the findings from the LogMAR acuity 
charts as a significant reduction in product task performance was observed 
between each condition; on average performance decreased by 1.5 times 
from the overcast condition to the street lighting condition.  The results from 
the product part of the experiment show that, based on the selection of 
products used, there are visual characteristics on current everyday products 
that cannot be distinguished by older adults under everyday ambient 
illumination conditions.  Overall, the evidence from this study suggests that 
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there is a need to consider older adults’ visual acuity capabilities in everyday 
environments when designing and developing everyday products.  Failure to 
do so could result in older adults experiencing exclusion either completely or 
in certain everyday conditions.  It is therefore essential that the capability data 
generated from Study 2 is considered and applied if everyday products are to 
become inclusive in everyday environmental conditions.   
 
RQ5 Are LogMAR acuity measures good predictors of older adults’ 
visual ability with products? 
 
A major assumption underlying the use of LogMAR acuity charts was that 
they could accurately predict how well a person can interact with a product 
from a visual perspective.  However, no research evidence was found to 
examine this relationship until now; correlations were conducted to explore 
the strength of this relationship.  This study has shown that a strong 
significant relationship existed between older adults’ visual ability on the 
LogMAR acuity charts and their visual ability to complete product tasks in 
each of the ambient illumination conditions tested.  The evidence from Study 
2 shows that, as a component function measure, LogMAR acuity charts are 
good predictors of older adults’ ability to complete visual product tasks.  Thus, 
confidence can be had in the generalisability of the data produced from 
LogMAR acuity charts to visual characteristics of products.   
 
Overall, the empirical findings from Study 2 add substantially to our 
understanding of the effects everyday ambient illumination and contrast levels 
have on older adults’ visual acuity capability. In particular, this study has been 
able to quantify the effects such variables have on older adults’ visual ability.  
The present study confirms that typical everyday ambient illumination levels 
can significantly impact on an older adult’s ability to distinguish detail.  Also, 
the study confirms that the contrast of the detail used on products is an 
important design consideration.  Furthermore, this study has illustrated how 
ambient illumination levels and contrast can change how visual capability is 
mapped across the ageing population.  Findings from this experiment have 
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important implications for the data translation phase as multiple datasets will 
need to be detailed, especially if products are to prove to be inclusive when 
used in everyday environments.  The translation of this data into a suitable 
form for designers is detailed in Chapter 6. 
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Chapter 6a: 
6. Translation of context capability data 
Research objectives addressed in Chapter 6 are: 
 
Objective 5: Translate older adult context capability data into a suitable form 
for designers; 
Objective 6: Evaluate the suitability and usability of the translated data with 
designers. 
 
Chapter 6 is divided into the following two sections: 
• Chapter 6a details the process that was followed to translate the 
context capability data gathered from Studies 1 and 2 (Chapters 4 and 
5) into a suitable form for designers. 
 
• Chapter 6b presents the findings from the evaluation of the translated 
data with practising designers and the refinements made as a result of 
the evaluation. 
  
Chapter 6a addresses objective 5 and Chapter 6b addresses objective 6. 
6.1. Introduction 
In Chapters 4 and 5 (studies 1 and 2) the collection of accurate and relevant 
context capability data was described.  The provision of accurate and relevant 
data was identified by Gyi et al (2000) (Chapter 1 section 1.4.1) as one of the 
key areas critical to the successful uptake of inclusive design in industry.  
However, further research findings detailed in Chapter 1 (section 1.4.1) 
showed that analytical design metrics that assess the inclusive merit (i.e. the 
number of people excluded from using a particular product and why) would 
also greatly assist the implementation of inclusive design in industry (Gyi et al, 
2000; Dong et al, 2003b; Keates and Clarkson, 2004).   
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Described in this chapter is the translation of the context capability data 
gathered from studies 1 and 2 into a form that will allow designers to assess 
the inclusive merit of their designs.  Also detailed in Chapter 6a is the 
research and design activities that were undertaken to ensure the translated 
data meet designers’ further needs and preferences. 
6.2. Translation of data 
The first consideration in the translation process is the conversion of objective 
capability data gathered from studies 1 and 2 into exclusion data. 
6.2.1. Study 1: Context dexterity data 
The dexterity data gathered from Study 1 cannot be converted into exclusion 
data, as all participants were able to complete the chosen dexterity measures 
in both of the conditions tested, i.e. no participants became excluded at any 
point.  This has in part been attributed to certain measures only requiring 
participants to complete tasks which were short in duration (Purdue 
Pegboard, Mobile Phone task, Moberg Pick-up Test, Stylus task and Touch 
Screen task), and the selected tasks/measures being within the dexterous 
capability range of the older adults who took part in Study 1 in both of the test 
environments.  However, at a deeper level, it is related to the nature of the 
tasks participants were required to complete with each of the selected 
measures.  In particular, the level of capability required to complete such 
measures was constant, i.e. task difficulty did not progressively increase.  
Thus, participants did not reach a point when the objective performance 
measure required a level of dexterous ability that was greater than their own.  
Time restrictions could have been placed on some of the measures in order to 
generate inclusion/exclusion data; however, very few everyday products 
require users to complete tasks within a limited time frame.   
 
The measures selected for Study 1 were based on their accuracy and 
relevance to product interaction.  Selecting alternative measures or modifying 
existing ones may have provided exclusion data; however the accuracy and 
relevance of the data gathered may have been compromised.   
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Nevertheless, it is possible to generate design guidance based on Study 1 
findings.  The results from Study 1 showed that exposure to 5°C, for periods 
of between 20 to 45 minutes, caused older adults’ fine finger dexterity to 
significantly decrease; both on the Perdue Pegboard and the Mobile Phone 
task (i.e. a task with small push button controls that have to be pressed in a 
sequence).  A significant reduction in performance was also observed on the 
Moberg Pick-up test, a test which required a combination of very fine precise 
finger movements and pinch grip actions.  However, results showed that older 
adults’ power and pinch gripping actions were not significantly affected by this 
duration of cold exposure.  Taken together, these results would indicate that 
only the fine finger element of the Moberg Pick-up test was affected, i.e. 
making the fine precise movements to pick the objects up, not grasping and 
transferring them.  Based on these findings, the following guidance would be 
offered for products likely to be used outside in an everyday cold environment: 
• Minimise the number of product interactions that require precise fine 
finger movements/actions; 
• Try to avoid small push button controls that have to be pressed in a 
sequence;  
• Maximise the number of product interactions that can be operated 
through exerting a gripping action (power or pinch grip). 
 
The guidance offered from the findings of Study 1 thus focuses on maximising 
the number of product interactions/task that can be completed through the 
exertion of a gripping action.  However, if this data is applied inappropriately it 
could result in the product either posing health and safety risks, or becoming 
difficult to use.  For example, exerting a repeated gripping action with a bent 
wrist could result in inflamed tendons or sheaths which can cause pain or 
swelling to the user’s wrist (Jones and Lederman, 2006; MacKenzie and 
Iberall, 1994).  There is also a need to ensure that the force and precision of 
the gripping action is appropriate given the size and shape of the product 
surface (Persad and Waller, 2007).  If the size and the shape of the product’s 
surface are inappropriate for the gripping action (e.g. too small, too big, too 
narrow etc.), then it is likely that users will experience difficulty, frustration and 
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possibly exclusion when performing the task/action.  Also, the visual 
characteristics of a product (e.g. shape, volume, size and surface spatial 
density) affect how a person will attempt to grasp it (MacKenzie and Iberall, 
1994); thus, if inappropriate, it may cause the user to adopt the wrong grasp 
strategy, which again could result in their experiencing difficulties and 
frustration.  Furthermore, there is also a need to ensure the hand can securely 
grip the surface of the product, i.e. the hand does not slip off it when being 
grasped; thus, sufficient friction must also exist between the hand and the 
product surface being gripped.   
 
 The following grip guidance will therefore be provided:  
• Make sure the user can perform the gripping task with their wrist in a 
level position (neutral posture) to improve user comfort;   
• Ensure the gripping  force and precision requirements are appropriate 
given the size and shape of the product’s surface 
• Ensure there is a good surface texture to increase friction and therefore 
increase/aid grip.  
 
This guidance will be provided to raise awareness of the key issues which 
affect gripping tasks; however, providing comprehensive design guidance on 
dexterity and gripping/grasping is outside the scope of this research.  
However, comprehensive dexterity and grip design guidance is provided as 
part of the Inclusive Design Toolkit (www.inclusivedesigntoolkit.com).  The 
Inclusive Design Toolkit is an online resource that aims to provide the design 
industry with the necessary resources to implement inclusive design; the data 
gathered and translated as part of this thesis will form part of this online 
resource.  Thus, the cold temperature dexterity guidance produced from 
Study 1 will be linked to the guidance provided within the Inclusive Design 
Toolkit. 
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6.2.2. Study 2: Visual acuity data 
Exclusion data can be generated from the data gathered in Study 2 (Chapter 
5) due to the scale of measurement used to gather the data (i.e. progressively 
increasing in task difficulty).  However, based on the scoring method adopted 
(smallest row read correctly), exclusion data may be misleading as 
participants did not become excluded (unable to complete the task) if the size 
of detail/letter is slightly smaller than the acuity score obtained from the 
LogMAR acuity charts (smallest row read correctly from start to finish).  
Results from the LogMAR charts showed that there was a progressive 
decrease in a participant’s visual acuity as they moved down the chart to the 
smaller letter rows, i.e. the number of letters read correctly decreased, until no 
more letters could be identified.  This capability decrease is illustrated in 
Figure 6.1.  
 
 
Figure 6.1. Example of how visual acuity capability decreased on the LogMAR 
charts 
 
As shown in Figure 6.1, the visual acuity data can be broken down into three 
categories: what a person 1) can do, 2) has difficulty doing, and 3) cannot do 
(excluded).  Thus, there is a considerable gap between the visual acuity 
capability scores gathered (smallest row read correctly from start to finish) 
and a user becoming excluded (i.e. no longer being able to identify any 
letters).  Exclusion data in this case may therefore be slightly misleading; 
0
1
2
3
4
5
6
7
8
1 2 3 4 5 6 7 8 9
N
o 
 o
f l
et
te
rs
 id
en
tif
ie
d 
co
rr
ec
tly
  
Row number 
Can do Cannot do 
(Excluded) 
Has difficulty 
doing 
Largest 
letters 
Smallest 
letters 
Chapter 6a: Translation of context capability data 
237 
 
however, it would appear that inclusion data would be more appropriate 
based on the scoring method adopted.  The scoring method used has helped 
to ensure that the data gathered from Study 2 details what a sample of older 
adults are visually independently capable of doing without experiencing any 
difficulties. 
6.2.2.1. Generating inclusion percentages 
The next stage of the translation process focused on the conversion of 
statistical capability data into inclusion percentages.  This was achieved firstly 
through converting the LogMAR acuity scores from each dataset into z-scores 
(a score expressed as the number of standard deviations it is from the mean 
of that set of scores).  Z-scores were calculated using the following formula: 
 
𝑧 − score = Score − MeanStandard Deviation 
 
The z-score method provides a standardised way of comparing values within 
each of the datasets and across datasets.  
 
The second stage in the conversion process involved comparing the z-scores 
to the standard normal distribution/z-distribution table (see Appendix C1).  
The standardised table details the percentage of scores higher than this 
particular z-score within a normally distributed dataset.  In relation to the 
vision data, the percentage of scores higher than this particular z-score, refers 
to the percentage of people who would ‘have difficulty’ or could not read 
(become excluded) that particular row of letters on the chart.  How this works 
can be seen illustrated in Figure 6.2. 
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Figure 6.2. Calculating inclusion percentages through z-scores 
 
As illustrated in Figure 6.2, the standardised normal distribution table 
assumes that the data gathered for this process is normally distributed 
parametric data (Howitt and Cramer, 2008).  All data gathered in Study 2 was 
parametric and normally distributed, except the street lighting 70% contrast 
dataset which was significantly skewed (i.e. not normally distributed).  Since 
no significant decrease in visual acuity was observed between the 90% and 
70% contrast charts (p>.0176; p value was corrected using the Bonferroni 
method to reduce false positives as multiple paired comparisons were 
conducted on the data) in the street lighting condition, the 90% contrast 
dataset was used to calculate the inclusion percentages for street lighting 
visual acuity for ≥70% contrast.   
 
Through using this method to translate the data, it was possible to generate 
inclusion percentages for each of the visual acuity capability datasets 
gathered in Study 2 (Chapter 5).  The inclusion percentages generated from 
this two-stage process (stage one: standardising the datasets into z-scores, 
and stage two: comparing the z-scores to the standard normal distribution/z-
distribution table) are detailed in Tables 6.1, 6.2 and 6.3.  When less than 5% 
of the sample was included no further inclusion percentages were calculated 
Mean z-score 
% of people who 
would ‘have difficulty’ 
or be excluded 
Number of 
standard 
deviations 
% of 
people 
included 
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for that particular letter size/contrast combination, as detailing inclusion 
percentages for fewer than 5% of the sample was deemed unnecessary. 
 
Table 6.1. Overcast (6000 lx) z-scores and inclusion percentages for ≥70%, 
50% and 30% contrast levels 
 
Log 
values 
Letter 
size 
≥70% 
z-score 
≥70% 
inclusion % 
50% 
z-score 
50% 
inclusion 
30% 
z-score 
30% 
inclusion % 
0.5 4.7mm 2.11 98.2% 2.46 99.2% 2 97.7% 
0.4 3.7mm 1.60 94.5% 1.69 95.1% 1.16 87.7% 
0.3 2.9mm 1 84.1% 0.92 82.1% 0.33 62.9% 
0.2 2.3mm 0.44 66.9% 0.15 55.9% -0.5 30.9% 
0.1 1.8mm -0.11 45.6% -0.62 26.8% -1.33 9.2% 
0.0 1.45mm -0.66 25.4% -1.38 8.4% -2.16 1.6% 
-0.1 1.2mm -1.22 11.1% -2.15 1.6% - - 
-0.2 1mm -1.77 4% - - - - 
Mean and Standard Deviation values (log units): ≥70% contrast, M = 0.12, SD = 0.18; 50% 
contrast, M = 0.18, SD = 0.13; 30% contrast, M = 0.26, SD = 0.12. 
 
The inclusion percentages generated for the in-house LogMAR acuity data 
were such that the maximum level of inclusion achievable was 94% (of the 
study sample); thus the data was extrapolated to 0.6 log units in order to 
provide designers with inclusion data that would allow them to achieve close 
to 100% inclusion. 
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Table 6.2. In-house (150 lx) z-scores and inclusion percentages for 90%, 
70%, 50% and 30% contrast levels 
 
Log 
values 
Letter 
size 
90% 
z-score 
90% 
inclusion % 
70% 
z-score 
70% 
inclusion % 
50% 
z-score 
50% 
inclusion % 
0.6 5.9mm 2.2 98.6% 2 97.7% 2.15 96.5% 
0.5 4.7mm 1.58 94.1% 1.375 91.5% 1.38 91% 
0.4 3.7mm 1 84.1% 0.75 77.3% 0.6 72.6% 
0.3 2.9mm 0.41 66% 0.125 55.2% -0.15 44% 
0.2 2.3mm 0.176 57% -0.5 30.8% -0.9 18.4% 
0.1 1.8mm -0.76 22% -1.125 12.9% -1.7 4.4% 
0.0 1.45mm -1.35 9% -1.75 4% - - 
-0.1 1.2mm -1.94 2.5% - - - - 
Mean and Standard Deviation values (log units): 90% contrast, M = 0.23, SD = 0.16; 70% 
contrast, M = 0.28, SD = 0.16; 50% contrast, M = 0.32, SD = 0.13. 
 
Log 
values 
Letter 
size 
30% 
z-score 
30% 
inclusion 
0.6 5.9mm 2.75 95.5% 
0.5 4.7mm 1.5 91% 
0.4 3.7mm 0.25 60% 
0.3 2.9mm -1 15.9% 
0.2 2.3mm -2.25 1.2% 
0.1 1.8mm   
0.0 1.45mm   
-0.1 1.2mm   
30% contrast, M = 0.38, SD = 0.08 
 
Again, the inclusion percentages generated for the street lighting LogMAR 
acuity data were extrapolated to 0.6 log units in order to provide designers 
with inclusion data that would allow them to achieve close to 100% inclusion.  
Inclusion percentages were not generated for the 30% contrast acuity dataset 
as over half of the sample was unable to obtain an acuity score on this chart 
under street lighting.  
Chapter 6a: Translation of context capability data 
241 
 
Table 6.3 Street lighting (7.5 lx) z-scores and inclusion percentages for ≥70% 
contrast and 50% contrast levels 
 
Log 
values 
Letter 
size 
 
≥70% 
z-score 
≥70% 
inclusion % 
50% 
z-score 
50% 
inclusion % 
0.6 5.9mm 2.06 98% 2.2 98.6% 
0.5 4.7mm 1.44 92.5% 1.2 88.5% 
0.4 3.7mm 0.81 79.1% 0.2 57.9% 
0.3 2.9mm 0.18 57.1% -0.8 21.2% 
0.2 2.3mm -0.44 33.1% -1.8 3.6% 
0.1 1.8mm -1.06 14.5% - - 
0.0 1.45mm -1.7 4.5% - - 
≥70% contrast, M = 0.27, SD = 0.16; 50% contrast, M = 0.38, SD = 0.1. 
6.2.3. Translating letter sizes to pt sizes 
The letters used on the LogMAR acuity charts are unique in their size and 
format.  They are designed to subtend (in height and width) to specific visual 
angles; the layout and spacing of each letter are all proportionate to the letters 
stroke width (thickness of a stroke in a letter) and the style does not contain 
serifs.  The letters are designed in this specific way in order to provide an 
accurate, reliable and valid measure of visual acuity; however, the style of 
letters used are not a particular font type (a style of letter with a particular 
typeface/appearance) or size that is available in software packages; thus it is 
not available for designers to use.   
 
In order to therefore provide relevant and usable data to designers, there is a 
need to convert the LogMAR letter size data into a standard font type and 
size.  Initially, this appeared to be a relatively straightforward process of 
simply matching the x-height (height of a lower case x) of the letters used on 
the LogMAR charts to the x-height of a particular font type.  However, a 
review on letter legibility (Sanders and McCormick, 1993; Letho and Buck, 
2008) highlighted that x-height is just one factor that contributes towards letter 
legibility.  Letter legibility is determined by a number of factors which include 
stroke width, stroke width-to-letter height ratio, letter width-to-height ratio, x-
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height and typeface.  Out of all of these factors, it would appear that stroke 
width is the most dominating factor because an individual has to be able to 
distinguish the configuration of strokes that the letter is made up of, for it to be 
identified correctly (Sanders and McCormick, 1993; Letho and Buck, 2008).   
If the width of a stroke is too small to be identified, then it is unlikely that the 
configuration of a letter can be distinguished correctly (Sanders and 
McCormick, 1993; Letho and Buck, 2008).  Based on these findings, the use 
of stoke width appeared to provide the most valid method of extrapolating 
data known about the LogMAR acuity chart letters to a known/available font 
type. 
6.2.3.1. Matching stroke widths 
The stroke width of the letters used on the LogMAR acuity charts are 1/5th of 
the letter height.  These sizes were calculated and then matched to the stroke 
width of Arial font.  Arial font was selected as it is commonly used across both 
Microsoft and Apple operating systems and programmes.  The stroke width of 
the horizontal line of a lowercase Arial ‘e’ was measured and matched to the 
stroke width of the LogMAR acuity letters.  A lower case letter was used as 
the stroke width is either the same size or smaller than the same letter in 
upper case.  Stroke widths were measured using the graphics package Corel 
Paint Shop Pro Photo X2 (V).  Table 6.4 details the stroke width dimensions 
of LogMAR acuity letters and the Arial fonts which they were matched to. 
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Table 6.4. LogMAR and Arial stroke widths at a one metre viewing distance 
 
Log value Letter Stroke Width  
(mm) 
Arial Stroke Width 
(mm) 
Arial pt size 
0.6 1.18 1.19 44pt 
0.5 0.94 0.93 30pt 
0.4 0.74 0.76 26pt 
0.3 0.58 0.59 20pt 
0.2 0.46 0.45 14pt 
0.1 0.36 0.34 12pt 
0.0 0.29 0.26 8pt 
-0.1 0.24 0.23 6pt 
All stroke widths were matched within +0.02mm to -0.03mm of the LogMAR stroke widths as 
this was closest match that could be established 
 
The data detailed in Table 6.4 are based on the letter sizes used on the 
LogMAR charts in Study 2, i.e. letter sizes for a one metre viewing distance.  
However, it is possible to extrapolate the inclusion data to viewing distances 
of up to six metres as the power of the human lens remains unchanged whilst 
under compression i.e. when viewing objects less than 6 metres away 
(Howarth and Bullimore, 2005).  The focusing power of the human lens on the 
retina determines a person’s level of visual acuity.  Thus, the older adult visual 
acuity data was extrapolated to both two and three metre viewing distances; 
distances greater than this were only deemed relevant to driving and way-
finding tasks and so were not included.  The extrapolation of the data in this 
form will greatly increase the application areas for the data and provide 
designers with greater flexibility in its use. 
 
The log letter sizes for 2 and 3 metre LogMAR acuity charts were calculated 
using the equation detailed in Chapter 5 section 5.4.2; stroke widths were 
then calculated and matched to Arial font sizes.  Table 6.5 and 6.6 details the 
stroke width dimensions of LogMAR acuity letters and the Arial font sizes 
which they were matched to for both the 2 and 3 metre viewing distances 
respectively. 
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Table 6.5. LogMAR and Arial stroke widths at a two metre viewing distance 
 
Log value Letter Stroke Width  
(mm) 
Arial Stroke Width 
(mm) 
Arial pt size 
0.6 2.36 2.37 88pt 
0.5 1.88 1.86 70pt 
0.4 1.48 1.52 56pt 
0.3 1.16 1.19 44pt 
0.2 0.92 0.93 30pt 
0.1 0.72 0.76 26pt 
0.0 0.58 0.59 20pt 
-0.1 0.48 0.50 16pt 
All stroke widths were matched within +0.04mm to -0.02mm of the LogMAR stroke widths as 
this was closest match that could be established 
 
 
Table 6.6. LogMAR and Arial stroke widths at a three metre viewing distance 
 
Log value Letter Stroke Width  
(mm) 
Arial Stroke Width 
(mm) 
Arial pt size 
0.6 3.54 3.56 132pt 
0.5 2.82 2.79 106pt 
0.4 2.22 2.20 84pt 
0.3 1.74 1.78 66pt 
0.2 1.38 1.35 52pt 
0.1 1.08 1.10 40pt 
0.0 0.87 0.85 28pt 
-0.1 0.72 0.76 26pt 
All stroke widths were matched within -0.03mm to +0.04mm of the LogMAR stroke widths as 
this was closest match that could be established 
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The process of matching the stroke width of the LogMAR acuity chart letters 
to the stoke width of a particular font type (Arial) has enabled this data to be 
translated into a relevant and usable form for designers. The Arial font sizes, 
along with the inclusion percentages for one, two and three metre viewing 
distances, are detailed in full in Tables 6.7 to 6.9 for each ambient illumination 
condition.  
 
Table 6.7. Overcast inclusion percentages for Arial font at one, two and three 
metre viewing distances 
 Arial font size Inclusion percentages 
Log 
values 
 
3m 
 
2m 
 
1m 
≥70% 
contrast 
50% 
contrast 
30% 
contrast 
0.5 106pt 70pt 30pt 98% 99% 98% 
0.4 84pt 56pt 26pt 95% 95% 88% 
0.3 66pt 44pt 20pt 84% 82% 63% 
0.2 52pt 30pt 14pt 67% 56% 31% 
0.1 40pt 26pt 12pt 46% 27% 9% 
0.0 28pt 20pt 8pt 25% 8% 2% 
-0.1 26pt 16pt 6pt 11% 2% - 
Inclusion percentages were rounded to the nearest 1% using the 0.5 rounding rule 
Table 6.8. In-house inclusion percentages for Arial font at one, two and three 
metre viewing distances 
 
 Arial font size Inclusion percentages 
Log 
values 
 
3m 
 
2m 
 
1m 
90% 
contrast 
70% 
contrast 
50% 
contrast 
30% 
contrast 
0.6 132pt 88pt 44pt 99% 97% 97% 96% 
0.5 106pt 70pt 30pt 94% 92% 91% 91% 
0.4 84pt 56pt 26pt 84% 77% 73% 60% 
0.3 66pt 44pt 20pt 66% 55% 44% 16% 
0.2 52pt 30pt 14pt 57% 31% 18% 1% 
0.1 40pt 26pt 12pt 22% 13% 4% - 
0.0 28pt 20pt 8pt 9% 4% - - 
-0.1 26pt 16pt 6pt 2.5% - - - 
Inclusion percentages were rounded to the nearest 1% using the 0.5 rounding rule 
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Table 6.9. Street lighting inclusion percentages for Arial font at one, two and 
three metre viewing distances 
 
 Arial font sizes Inclusion percentages 
Log 
values 
 
3m 
 
2m 
 
1m 
≥70% 
contrast 
50% 
contrast 
0.6 132pt 88pt 44pt 98% 98% 
0.5 106pt 70pt 30pt 93% 86% 
0.4 84pt 56pt 26pt 79% 58% 
0.3 66pt 44pt 20pt 57% 21% 
0.2 52pt 30pt 14pt 33% 4% 
0.1 40pt 26pt 12pt 15% - 
0.0 28pt 20pt 8pt 5% - 
-0.1 26pt 16pt 6pt - - 
Inclusion percentages were rounded to the nearest 1% using the 0.5 rounding rule 
 
The next part of this chapter focuses on the design and development of a 
design resource that will contain these inclusion datasets and the dexterity 
design guidance.   
6.3. Development of design resource 
Studies 1 and 2 have produced multiple datasets along with a range of design 
guidance which focus on the effects of everyday environmental conditions.  
Providing efficient and effective support in the use and application of data and 
guidance during product development has been identified as one of the key 
areas critical to the success of an inclusive approach being adopted by 
industry (Gyi et al, 2000; Lopez-Mesa and Thompson, 2003).  Thus, the data 
and guidance needs to be presented to designers through one portal (a 
design resource) with the necessary supporting information to use and apply 
the data. 
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The name ‘Context Calculator’ was chosen for the design resource as it: 1) 
calculates the impact of context on product interaction, and 2) the name is 
consistent with other inclusive design resources/tools which it will be 
positioned alongside, such as the ‘Exclusion Calculator’ within the ‘Inclusive 
Design Toolkit14’.   
 
In studies 1 and 2 (Chapters 4 and 5) research questions were generated and 
answered using an experimental research methodology.  However, in this 
phase of the research, the emphasis changes from gathering reliable and 
valid empirical data to designing a suitable solution. Thus, the methodology 
adopted and followed within this chapter is based on conventional design 
approaches.  The design methodology adopted in order to achieve objective 5 
will be next discussed.   
6.4. Design methodologies 
A number of different design methodologies/processes exist dependent upon 
the nature/focus of the design problem.  For example, with everyday products 
there is the ‘Product Design Process Model’ (Wright 1998) and the ‘Total 
Design Activity Model’ (Pugh, 1990).   For inclusive product development 
there is the ‘Waterfall Model’ (Clarkson et al, 2007) or the ‘Inclusive Design 
Toolkit – principles of inclusive concept generation’ (University of Cambridge, 
2007).  However, when designing an interactive system (i.e. a combination of 
hardware, software and/or services that receives input from, and 
communicates output to, users), such as the Context Calculator,  a Human-
Centred Design (HCD) process is seen as being central to its success 
(Benyon et al, 2005; British Standards Institution 2010).  The central feature of 
the HCD process is that all design decisions are driven by/centred around the 
intended users.  The HCD process is defined by the British Standards 
Institution (2010) as:  
 
  
                                            
14 www.inclusivedesigntoolkit.com  
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“An approach to interactive systems development that aims to make systems 
usable and useful by focusing on the users, their needs and requirements, 
and by applying human factors/ergonomics, and usability knowledge and 
techniques. This approach enhances effectiveness and efficiency, improves 
human well-being, user satisfaction, accessibility and sustainability; and 
counteracts possible adverse effects of use on human health, safety and 
performance.” 
There are four key design related activities which are seen as being central to 
the success of the HCD process:  
1) Understand and specify the context of use, 
2) Specify the user requirements, 
3) Produce design solutions to meet these requirements, 
4) Evaluate the designs against these requirements. 
(British Standards Institution, 2010) 
 
The way in which each of these activities is linked is illustrated in Figure 6.3. 
 
 
Figure 6.3. Interdependence of human-centred design activities  
(British Standards Institution, 2010) 
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The use of the Context Calculator by designers will be optional, not 
compulsory; it will therefore need to deliver the benefits associated with a 
HCD process if it is to be voluntarily used.  For example, it will need to be 
easy to understand and use, offer a positive user experience and not cause 
discomfort or stress to its users (British Standards Institution, 2010).  If the 
Context Calculator fails to offer these benefits, then the possibility of it being 
adopted into current design practices is greatly reduced.  The remaining part 
of this chapter will detail the research and design work that was conducted 
under each of the four key design stages of the HCD process in the design 
and development of the Context Calculator.    
6.5. Stage 1: Understand and specify the context of use 
The broader definition of context of use is considered in this initial stage of the 
HCD process.  In relation to the design of interactive systems context of use 
provides a major source of information for establishing user requirements and 
essential input into the design process (British Standards Institution, 2010).  
Context of use defined as the users, tasks, equipment (hardware, software 
and materials), and the physical and social environments in which a product is 
used (British Standards Institution, 2010).  These characteristics and the 
contextual factors associated with them are summarised in Table 6.10. 
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Table 6.10. Context characteristics and their associated factors  
(British Standards Institution, 1998a, 2010)   
Context characteristic Associated factors  
User  
(People intended to use 
the product) 
Knowledge, skill, experience, education, training, 
personal attributes, capabilities, attitude, motivation, 
emotional state, etc. 
Task 
(Activities undertaken to 
achieve the goal) 
Frequency, duration, flexibility, sub-tasks, physical and 
mental demands, goal/output, procedure, criticality, etc. 
Equipment 
(Products/services used 
to achieve the desired 
goal) 
What’s used, where located, duration used, choice, 
anything not used. 
Physical Environment 
(The external 
surroundings/conditions) 
Visual conditions, temperature, auditory conditions, 
vibration, layout, location, etc. 
Social Environment 
(The culture and people 
that surround the user) 
Location, co-location of others, group working, 
assistance, number of people nearby, 
interruptions/distractions, attitudes, etc. 
 
Initially, a literature review was conducted to determine whether any past 
studies had investigated the context in which products are designed.  The 
databases ‘Ergonomics abstracts’, ‘Science Direct’, ‘Loughborough University 
Institutional Repository’, ‘Loughborough University Library Catalogue’ and the 
search engine ‘Google Scholar’ were searched.  The following key 
words/phrases were used: 
• “Design context” • “Design industry context” 
• “Understanding design practice context” • “Design environment” 
• “The context of design” • “Design process”   
 
The search revealed a number of studies that had partly focussed on 
understanding some of the contextual factors surrounding the design and 
development of everyday products.  The findings from this review are 
summarised in Table 6.11. 
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Table 6.11. Literature review findings on the context in which products are 
developed 
 
Context characteristic Key literature findings  
User  
People intended to use 
the resource - designers 
Designers are often young and able bodied (Eisma et al, 2003) 
 
Task 
Activities undertaken to 
achieve the goal 
The design process contains several phases/tasks each with different 
characteristics and information needs.  Main phases of the design 
process identified within industry are: 
1. Briefing/Defining the problem or opportunity 
2. Analysis/Data collection 
3. Creativity/Synthesis 
4. Development/prototyping 
5. Evaluation/testing 
6. Manufacturing  
(Goodman et al, 2006b) 
 
Flexibility:   
• Design is not always carried out in a strict linear process – it is 
iterative cycling repeatedly through some of the phases and back 
tracking to earlier phases (Budgen, 1994).   
• It can also jump around between phases in a less ordered 
fashion (Restrepo & Christiaans, 2003).   
• Different companies and designers have individual approaches to 
design (Lebbon, 2003), though they often fit into the broad 
phases outlined above (Choueiri, 2003). 
Equipment 
Products/services used 
to achieve the desired 
goal 
What is used (design tools/methods):  
• People/experts are used for guidance/advice especially as 
they can fit the information to the problem very quickly 
(Restrepo & Christiaans, 2003).   
• Trade and product literature (Powell, 1987). 
• Product examples and case studies (Rhodes, 1998). 
• Both quantitative and qualitative data (Melican, 2000). 
Physical Environment 
The external 
surroundings/conditions 
No studies reported findings on the physical environment in which 
products are developed. 
Social Environment 
The culture and people 
that surround the user 
No studies reported findings on the social environment in which 
products are developed. 
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It can be seen from Table 6.11 that the findings from the literature only 
provide an insight into some contextual factors.  It is clear that further 
research is needed in order to gain a sufficient understanding of the context in 
which products are designed.   
 
Initially, a contextual observational approach (shadowing) was deemed the 
most appropriate method to understand how specific work roles play out in 
practice i.e. technologies used, interaction with others, processes followed 
etc. (McClelland and Suri, 2005).  However, after contacting several product 
design consultancies, it was evident that observations were not practical due 
to the confidential nature of the work such companies do, although a selection 
of companies did say they would be willing to discuss, either by phone or 
face-to-face, the nature of their work and the environment it takes place 
within.  Time pressures were stressed by these companies in their response 
to the study observations/interviews.  In particular, giving up any more than an 
hour of time would not be possible/too disruptive.  Thus, relevant information 
on context had to be elicited from designers in an hour or less.  These 
constraints severely restricted the type of methods that could be used in this 
research.  Consequently, specific information about context needed to be 
collected from designers in a relatively short time-frame.  Due to these 
constraints, a structured interview was developed to elicit the desired 
information about the context in which products are designed and developed.  
Interviews were not the ideal method as they are known for producing 
discrepancies between what people say they do and what actually happens 
(Robson, 2002).  However, the purpose of the interviews was to gain an 
understanding of context rather than develop theories or underlying principles 
about it.    
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6.5.1. Context interview analysis and results 
A structured interview was developed focussing on the five key contextual 
characteristics (i.e. user, tasks, equipment, physical and social environment); 
a copy of the interview is detailed in Appendix C2.  The qualitative data 
obtained from the interviews were analysed using a content analysis method 
(Hartley, 2005).  In particular, five categories for analysis were constructed 
(user, task, equipment, physical and social environment); each category had a 
number of sub categories/themes which related to the different questions 
asked.  Answers to these questions were analysed using 
word/phrase/sentence frequency (Robson 2002, Hartley, 2005).  If a 
word/phrase/sentence and/or particular topic was mentioned in the majority of 
cases (i.e. three or more), these were then detailed within the results 
summary, which is presented on the following pages.  Where quantitative data 
were gathered, a summary of the range of values reported is given.  A total of 
five designers (n=5) were interviewed, and a summary of the content analysis 
interview findings are next presented.  
6.5.1.1. User characteristics  
Gender: Male 
Age: From 30 to 45 years old 
 
Ethnicity: White Caucasian  
 
Nationality: British 
 
Qualifications: Undergraduate qualification in a design related discipline 
 
Experience: 7 to 25 years (time spent working in the design industry) 
 
Job title: Senior product designer 
Product designer 
New product developer/inventor 
Director 
User experience designer 
 
Impairments: 
 
None reported 
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Attitude 
towards job: 
Positive, rewarding, challenging, enjoy it 
Types of 
products they 
design: 
• Cleaning and hygiene equipment 
• Medical equipment and healthcare product 
• Dog leads, kettles, toasters, coffee machines 
• Sports and leisure products 
 
6.5.1.2. Tasks 
Findings from the literature review provided information on the type of design 
tasks which designers are involved in, and the flexibility by which these tasks 
are carried out.  However, the literature did not identify the percentage of time 
(approximately) designers are dedicating to these tasks and whether they 
were responsible for tasks that are not related to the design process activities.   
 
Task type and 
time: 
In a typical week, approximately 50% of their time is 
dedicated to design related tasks and the other 50% is 
dedicated to administrative and management type tasks.   
  
Design tasks: The percentage of time dedicated to the design related 
tasks varied greatly between the designers interviewed:   
• 5% to 33% defining the problem/opportunity 
• 5% to 20% conducting analysis/data collection related 
tasks 
• 20% to 40 % creativity/synthesis and 
development/prototyping tasks 
• 0% to 20% Evaluation/testing 
• 0% Manufacture 
 
Location: • All design related tasks are completed in the office or 
in a workshop 
• Prototyping tasks generally take place within a 
workshop 
• Client liaison is the main activity that takes place away 
from the office environment  
 
Flexibility: Complete freedom over the order in which these tasks are 
conducted, unless there is a deadline. 
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6.5.1.3. Physical Environment 
Layout: Open plan office 
 
Auditory 
conditions: 
 
Noisy 
 
Ambient 
temperature: 
 
Generally fine – sometimes can be quite hot 
Visual 
conditions: 
 
Good lighting conditions - no problems seeing screen or 
design work 
Health and 
Safety hazards: 
Engineering machines – protective goggles and gloves 
are worn to operate these machines  
 
6.5.1.4. Social Environment 
Organisation size: 1 to 50 employees 
 
Structure: Very flat – no more than 2 layers of management 
 
Hours worked: 8.5 hour days 
 
Work conducted 
in: 
Teams ranging from 3 to 6 people. Other people would 
include engineers, researchers, clients and 
manufacturers 
 
Culture of 
organisation: 
Positive – open, employer friendly, mixing pot, keep 
staff motivated 
 
Organisations 
attitude towards 
design: 
 
Research driven, keeps the company ahead of 
competitors, valuable, very positive 
Who you 
communicate with 
Clients on a weekly basis,  
Colleagues continually throughout the day 
 
Distractions All participants stated they experienced distractions 
when carrying out their daily tasks - distractions ranged 
from 10 times an hour to around 3 times a day 
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6.5.1.5. Equipment 
Hardware: Laptops/computers, printers, pens, pencils, paper, tools 
– hammer, screwdrivers etc.  Milling, drilling, sanding 
and rapid prototype machines.  Digital cameras, mobile 
phones, video recorders.  
 
Software: 3D CAD – Pro Engineer and Solid-works,  
Graphics packages – Illustrator, 3D studio max, 
Photoshop  
Microsoft office – Word, PowerPoint, Publisher etc. 
Outlook – email, Calendar  
Internet.  
 
 
Location of 
Equipment: 
All hardware is located in the work environment. 
Laptops are portable and will get used when travelling 
or at home. 
Software is accessed via a work laptop – mainly in the 
work environment but occasionally when out of the 
office. 
 
Frequency of use: Daily basis: Laptops, pens, pencils, paper, 3D CAD, 
Internet and Outlook.  These pieces of equipment were 
deemed essential, without which they stated they would 
be unable to do their job. 
 
All other equipment was used on a weekly basis. 
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6.5.2. Potential effects of context of use 
After describing the intended context of use for the Context Calculator, the 
next stage of the HCD process was to identify any contextual factors that 
could potentially impact upon its use.  The following factors were identified: 
 
Positives: 
• Continual communication with colleagues, which potentially could 
mean awareness of the tool would spread throughout a company 
relatively quickly; 
• All have a laptop from which they access the Internet on a daily 
basis - accessing the Context Calculator via a website would 
therefore not be inconvenient, 
• Positive attitude - employees stated they had a positive attitude 
towards their job and the company they worked for had a positive 
attitude towards design - suggesting that design is seen as a 
valuable exercise which employees enjoy, therefore little resistance 
(from an individual and cultural perspective) to a tool that improves 
design should be experienced;     
• Nearly all tasks are carried out in the same environment, so there 
should be little disruption between tasks. 
 
Negatives: 
• Noisy, open plan environment with regular distractions;   
• The environment can sometimes be quite hot which affects 
concentration; 
• Limited amount of time dedicated to data collection related tasks; 
• All the designers interviewed had seven years or more experience 
working in the design industry so may already have established 
working practices. 
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6.5.2.1. Addressing potential context of use issues 
The research into context is limited due to the small sample size used (n=5); 
however, the content analysis revealed there to be a considerable amount of 
consistency in the responses obtained from designers.  All designers reported 
regular distractions throughout a typical day; one designer stated that they 
experienced around 10 distractions an hour.  The major implications of having 
a working environment with frequent distractions is its impact upon an 
individual’s attention, meaning learning, understanding and applying new 
techniques/data to design are likely to be significantly compromised.  Thus, 
the Context Calculator must be designed so that within five minutes designers 
can 1) identify clearly and intuitively how the tool works, 2) understand the 
data that are being presented, and 3) recognise the benefits/need to consider 
the data contained within the tool.  These requirements need to be addressed 
in the translation of the capability data and in the design of the Context 
Calculator to minimise the negative impact of context on the use and adoption 
of this tool.   
6.6. Stage 2: Specify the user requirements 
This section focuses on identifying user needs/requirements for inclusive 
design capability data.  The identified users of the Context Calculator are 
designers, in particular, those who are involved with the design and 
development of everyday products.  This includes, but is not exclusive to, the 
following types of designers: product designers, industrial designers, 
communication designers, interaction designers and user experience 
designers.   
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6.6.1. Deriving user requirements 
Detailed in Chapter 1 section 1.4.1 was a review of designers’ capability data 
requirements for inclusive design.  Factors associated with the provision of 
accurate and relevant data on the target users (Gyi et al, 2000) (Chapters 4 
and 5), and inclusion/exclusion data have been addressed.  However, a 
considerable amount of literature has also been published on designers’ 
further requirements for data tools.  Research into this topic has found that 
data tools must be: 
• Highly visual (text formats being unfavourable and visual formats being 
preferred) (Nickpour and Dong, 2009)  
• Simple and intuitive as such roles attract significant proportions of 
people with dyslexia (Cassim, 2005; Nickpour and Dong, 2011).   
• Accessible - quick and easy access to information (Goodman et al, 
2006b; Nickpour and Dong, 2011), 
• Presented at the right level of detail i.e. not be too academic or 
authoritarian (Goodman et al, 2006b; Nickpour and Dong, 2011), 
•  Easy to learn/understand (Nickpour and Dong, 2011), 
• Content of the tool needs to be of relevance (Nickpour and Dong, 
2011) 
• Clarity – explanation of the data (Nickpour and Dong, 2011) 
 
Needs such as quick and easy to access, simple and intuitive, easily 
understood etc. could possibly be a result of the context in which designers 
work, as findings indicated that their work environment was generally noisy 
with regular distractions and limited amount of time appeared to be dedicated 
to data collection. 
 
The requirements identified from the review can be categorised under 
different design characteristics; see Table 6.12. 
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Table 6.12. Categorisation of design requirements 
 
Characteristic    Requirement 
Usefulness Contents of the tool have to be of relevance/use to designers 
Visual Highly visual  
Format /Clarity 1. Simple and intuitive 
2. Explanation of the data 
Language 1. Presented at the right level of detail (i.e. not too academic or 
authoritarian) 
2. Easy to learn/understand 
Navigation Simple and intuitive 
Time Quick to access 
 
These requirements can also be categorised under: 1) usefulness, 2) 
usability, and 3) desirability (Nickpour and Dong, 2009, 2011). 
   
In view of these findings, it is evident that all of these requirements are the 
things consumers, researchers and academics expect designers to achieve 
when designing everyday products.  Why then have past datasets been 
designed with very little if any consideration of such factors? Surely, datasets 
have users, who have preferences, abilities, lifestyles, jobs etc.  It is apparent 
from this literature that data tools need to consider such factors if designers 
are to use them, and thus consider older adult capability in their design 
process.  Also, tools in such a format may stop designers from using ‘quick 
and dirty’ methods such as asking friends and colleagues to gain user 
knowledge (Cassim, 2005). 
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6.7. Stages 3 and 4: Produce and evaluate design solutions 
This stage of the HCD process focused on the generation and evaluation of 
design solutions.  Initial design solutions focussed on the visual acuity 
inclusion data, in particular, what format it should take in order for it to appeal 
to and meet the needs/requirements of designers.  Three basic concepts were 
generated:  
• Concept 1 - purely text based (Figure 6.4);  
• Concept 2 - mainly visual with very little text (Figure 6.5); 
• Concept 3 - a combination of visual and text based (Figure 6.6).   
 
The reason for having three distinctly different concepts was to agree on a 
preferred format for the data, i.e. amount of text vs. visual/graphical 
characteristics.  Also, through asking designers to compare these three 
concepts allowed for past research into designers’ preferences to be 
validated, i.e. text formats being unfavourable and visual formats being 
preferred (Nickpour and Dong, 2009). 
 
 
Figure 6.4. Concept 1 - text based format 
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Figure 6.5. Concept 2 - visual format 
 
 
Figure 6.6. Concept 3 - visual and text format 
44pt
30pt
26pt
20pt
14pt
12pt
8pt0%
20%
40%
60%
80%
100%
90%      
Contrast
70%                
Contrast
50%      
Contrast
30%        
Contrast
%
 In
cl
ud
ed
 
44pt A A A A 
 96% included 97% included 98% included 99% included 
30pt A A A A 
 91% included 91% included 92% included 95% included 
26pt A A A A 
 60% included 73% included 77% included 84% included 
20pt A A A A 
 16% included 44% included 55% included 66% included 
14pt A A A A 
 1% included 19% included 31% included 57% included 
12pt A A A A 
 <1% included 5% included 13% included 22% included 
8pt  A A A A 
 <1% included 1% included 4% included 9% included 
 30% 
Contrast 
50% 
Contrast 
70% 
Contrast 
90% 
Contrast 
Chapter 6a: Translation of context capability data 
263 
 
6.7.1. Evaluation of concepts 1 to 3 
The three concepts were evaluated during a design research workshop at the 
Include conference (London) in 2009.  The workshop had 33 attendees, which 
included academics, researchers and professionals all with a design related 
background.  The workshop consisted of 3 phases:  
1. Introduction to the data;  
2. Tool efficiency (participants were asked to complete tasks using each of 
the concepts);  
3. Format preference (individuals were asked to vote for their preferred 
choice and give verbal feedback on their initial impressions).  
 
Phase 2 was incorporated into this phase of the research to determine the 
practical value of each of the data formats.  Failure to incorporate such an 
activity runs the risk of the concepts being evaluated solely on their semantics 
and graphical qualities as opposed to their usefulness and usability (Nickpour 
and Dong, 2010).   
 
During phase 2 of the workshop, participants were set a total of six tasks (see 
Appendix C3), completing two tasks per concept.  The tasks focused on 
participants using the concepts to determine either:  
• The level of inclusion a particular font/contrast combination would 
provide;  
• What design options were available if they needed to include a certain 
percentages of older adults; 
• The best design option if they could not exceed a particular font size. 
 
For each task, a record was kept of which concept produced the quickest 
correct response, as this measure provided an indication of which format was 
the most accessible and usable. The results from this exercise are detailed in 
Figure 6.7. 
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Figure 6.7. Chart to show which concept produced the quickest response in 
phase 2 
 
As shown in Figure 6.7, in five out of six tasks (83%) the fastest response was 
given from participants using concept 1 - data table (Figure 6.4).  Concept 2 
did not produce the fastest response in any task and concept 3 only produced 
the fastest response for one task.  This is interesting when compared to the 
results from phase 3 which investigated participants’ preferences.  After using 
each of the concepts, participants were asked to vote which they preferred; 
results from this can be seen in Figure 6.8.       
 
 
Figure 6.8. Participants’ preference of Concepts 1, 2 and 3 
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It can be seen from Figure 6.8 that only 11% of participants preferred concept 
1, 6% preferred concept 2 and interestingly 81% preferred concept 3.  What is 
surprising about this result is that concept 1 appeared to be the most 
accessible (quick and easy to access) and usable of all concepts; however, 
the vast majority of participants preferred concept 3.  This may be something 
that can be explained by the ‘Aesthetic-Usability Effect’ (Lidwell et al, 2003) 
whereby aesthetic designs are perceived as easier to use than less aesthetic 
designs.  However, the extent to which participants considered usability when 
making their preference was unknown.  What is known is that aesthetic 
designs are more effective at fostering positive attitudes than unaesthetic 
designs, and make people more tolerant of design problems (Lidwell et al, 
2003).  Also, designs that foster positive attitudes can evoke loyalty and 
patience which are all significant factors in the long-term usability and overall 
success of a design (Lidwell et al, 2003).   
 
Following a vote of the concepts, participants were asked their initial 
impressions of each concept.  The main points to arise were: 
• Concept 1: “dull, boring and looked much the same as any other dataset.” 
• Concept 2: “difficult to interpret, the way it looked had little relevance to 
the data being presented, looked like a science graph.” 
• Concept 3 : “most visually appealing, kind of puts the data in context – 
prefer it if contrast was also simulated, not sure what the colour scheme 
means.”   
Further verbal feedback was given by the participants on their overall 
thoughts and opinions about the format of the data.  Comments included “It’s 
got to be visually appealing, as I said we are all designers, and everyone has 
their own opinion but we all prefer things visually than in data/text,” and “if we 
are to use the data then it’s got to look professional, it’s got to look as if it has 
been designed for us, it has to communicate in our language, which is very 
visual.”  Based on these findings it would appear that the 
aesthetics/semantics of a dataset may be one of the key factors that 
contribute to its use by designers in industry.  These findings validate the user 
requirements identified from the literature, i.e. highly visual (Nickpour and 
Chapter 6a: Translation of context capability data 
266 
 
Dong, 2009, 2011) and presented at the right level (Goodman et al, 2006b); 
however, it questions others, such as simple, intuitive and quick to access/use 
(Goodman et al, 2006b; Nickpour and Dong, 2009, 2011).  However, it could 
be argued that workshop participants would have raised this as an issue if 
there was a problem with these aspects, especially after completing the tasks 
with them.  Also, another key point to arise was the accuracy of the inclusion 
percentages i.e. 19%, 44%, 91% etc.; a participant stated that, “the inclusion 
figures  presented within the data tables do not need to be as accurate, they 
could just be rounded to the nearest 5%, that would be accurate enough.”  
This point was then put to the rest of the group to see whether there was a 
consensus of opinion; following a vote, the majority of participants (n=28, 
85%) agreed with this point.  The inclusion figures were rounded to the 
nearest 5%; rounded inclusion figures are detailed in full within the Context 
Calculator which is located at the back of this thesis on a CD .         
 
The most significant issue to arise from the discussions related to the context 
of the data; participants stated that the first part of the workshop made them 
aware of why they need to consider context capability data.  This included 
factors to do with the effects everyday environmental conditions have on 
capability.  From the explanation given, participants felt that they had been 
made fully aware of all the issues and could see why considering and 
applying such data was important for product design.  However, they 
expressed concerns that if presented with the data alone, they would not be 
aware of such issues and thus may disregard the data.  Overall, it would 
appear that explaining the importance of the data, and the issues surrounding 
it, is a key factor in this translation process.  
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6.7.2. Produce design solutions based on user feedback 
The evaluation and feedback findings from the Include 2009 workshop were 
used to generate five new data format designs; these can be seen illustrated 
in Figures 6.9 to 6.13.  Concept 8 (Figure 6.13) was created to determine 
whether presenting the data in a tabular format was preferable, or whether 
creative solutions that challenge the assumptions of data tables were 
preferred.  
 
 
Figure 6.9. Concept 4 
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 Figure 6.10. Concept 5 
 
 
Figure 6.11. Concept 6 
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Figure 6.12. Concept 7 
 
 
Figure 6.13. Concept 8 
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6.7.3. Evaluation of concepts 4 to 8 
Concepts 4 to 8 were evaluated with ten practising designers from four UK-
based design consultancies; this included five product designers, four 
industrial designers and one user experience designer.  The concepts were 
emailed to each of the designers in order to obtain their preferences.  Email 
was used as it provided a relatively quick and effective way to gain feedback 
from designers on their preferences.  The concepts were emailed to designers 
with the following instructions: 
• A design tool is being developed that will display data on how 
readable/legible different font size/contrast combinations are under 
different lighting conditions. 
• The data displays the percentage of older adults (from a sample of 38, 
+65 year olds) that would be able to read font of this size and contrast. 
• There are a number of different ways this data can be displayed – 
please have a look at the following 5 concepts and indicate which you 
prefer, and which would be your second choice. 
 
Designers’ preferences were scored as followed: a concept received 2 points 
if it was the preferred choice, and 1 point if it was the second choice.  The 
results obtained from this evaluation are illustrated in Figure 6.14. 
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Figure 6.14.  Designer’s preferences for concepts 4 to 8 
 
Figure 6.14 shows that out of the five concepts, concept 7 was the most 
preferred design with 12 points; concept 6 was second most preferred with 7 
points.  The results clearly indicate that concept 7 was the preferred choice as 
it received almost double the number of points than any other concept.  
Concept 7 was therefore chosen as the data presentation format for the visual 
acuity inclusion percentages in the Context Calculator.   
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6.7.4. Context Calculator preliminary development 
The next stage of the translation process focused on defining the form, 
structure and content of the ‘Context Calculator.’  In the domain of interactive 
systems design, these factors must first be developed prior to the visual 
design, as form must follow function to ensure purity of function and enhanced 
usability (Benyon et al, 2005; Lidwell et al, 2003).   
 
Initially, the overall structure (hierarchy) of information/data contained within 
the tool was determined.  Figure 6.15 provides a summary of the overall 
structure of the Context Calculator. 
 
 
 
 
 
 
 
 
Figure 6.15.  Context Calculator structure 
 
As illustrated in Figure 6.15, there are three distinct sections within the 
‘Context Calculator:’   
1) Home page section which is intended to provide users with an 
overview of the purpose of the tool; 
2) Understand more section that is intended to make users aware of the 
importance of context capability data and the issues surrounding it; 
3) Data/guidance section which is intended to detail the vision inclusion 
data for the various scenarios and the dexterity guidance. 
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The form, structure and content of the pages within the overriding structure 
are typically achieved through low-fidelity prototypes (Benyon et al, 2005).  
Low-fidelity prototypes, often termed as paper prototypes, allow for rapid 
exploration of a design with minimal investment (Benyon et al, 2005).  Paper 
prototyping involves creating rough, hand sketched drawings of an interface 
and then walking the intended user through them to explore and evaluate the 
proposed solutions (Snyder, 2003).  Paper prototypes were created; focussing 
on the following key interfaces: 1) the layout of the home screen, 2) selecting 
a scenario of use from the vision data i.e. lighting level and viewing distance, 
and 3) presentation layout of the data tables.  The paper prototype concepts 
for each of these aspects are illustrated in Figures 6.16, 6.17 and 6.18. 
Option 1 Option 2 
  
Option 3 Option 4 
 
Figure 6.16.  Paper prototype design options for home screen layout 
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Option 1 Option 2 
 
Option 3 
 
Option 4 
 
Figure 6.17.  Paper prototype design options for selecting a scenario of use 
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Option 1 Option 2 
  
Option 3 Option 4 
 
Figure 6.18. Paper prototype design options of data presentation screen 
 
The content for the Context Calculator was also created.  More specifically, 
information intended to be presented on the ‘Welcome’ (Home) page, 
‘Understand more’ and ‘Design options’ (data/guidance) section were created.  
A structured interview was then developed to explore designers’ layout 
preferences and to evaluate the information intended to be detailed within the 
various sections of the ‘Context Calculator.’  A copy of the interview questions 
used is detailed in Appendix C4 along with the participant information sheet 
that was used.   
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The intention was to recruit ten practising designers to take part in this 
exploration and evaluation exercise.  After conducting three interviews (one 
industrial designer, one product designer and one user-centred-designer) no 
further interviews were conducted as designers stated that they found it hard 
to provide any meaningful feedback as the information was not in context - 
“this all feels very abstract, it’s hard to contextualise the information and give 
you any meaningful feedback...it would be much better if we could see the 
final tool with all this information in.”  Thus, further interviews were not carried 
out and high fidelity prototypes were developed as designers’ feedback 
suggested a more meaningful evaluation could take place with the content 
and data in its presentation format.  A high fidelity prototype refers to an 
interactive system that has a similar look and feel to the final product (Benyon 
et al, 2005). 
6.7.5. High fidelity prototype development 
The layout preferences of the three designers that took part in the initial low-
fidelity evaluations were used in the development of the high fidelity 
prototypes.  Whilst this is a limited number of designers to base a decision on, 
their preferences allowed an informed decision to be made as opposed to a 
best guess.  The following layout options were the preferred choice:     
• Option 1 was the preferred choice for the home screen layout;  
• Option 2 was the preferred choice for selecting a scenario;  
• Option 4 was the preferred choice for the data presentation screen.   
 
The designers preferred the title ‘Design options’ as opposed to ‘Do an 
assessment’ to refer to the data/guidance landing page.  A ‘black plus’ colour 
scheme was chosen for the tool; black plus is a colour scheme that uses a 
palette limited to greys plus one hue (White, 1990).  The chosen hue was 
orange.  Screenshots of the high fidelity prototype are detailed in full in 
Chapter 6b along with the evaluation findings.   
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Chapter 6b: 
Context Calculator evaluation and 
refinements 
 
6.8. Introduction 
Detailed within Chapter 6b are the findings from the evaluation of the Context 
Calculator with 10 practising designers (n=10).  Refinements made to the 
Context Calculator as a result of evaluation findings are also detailed.  This 
chapter addresses the final research objective, i.e. evaluate the suitability and 
usability of the translated data with designers. 
6.9. Evaluation 
The aim of this evaluation was to determine the extent to which the specific 
user requirements, identified in Chapter 6a section 6.6, have been met by the 
high fidelity prototype of the Context Calculator. A System Acceptance 
Questionnaire (SAQ) was developed and used for the purpose of this 
evaluation.  A SAQ is a subjective method intended to assess user 
acceptance of a new system (Maguire, 2001b).   
 
A SAQ works by presenting a number of positive and negative statements 
about different aspects of the system and then getting the participants to rate, 
on a Likert scale (a self-report measurement scale that assess people’s 
propensities, views, opinions and attitudes, Robson, 2002), the extent to 
which they agree or disagree with these statements (Kirakowski and Corbett, 
1998; Maguire, 2001b).  For example, a positive statement would be “I like the 
visual appearance of the tool”, whereas a negative statement would be “this 
part of the tool is visually unappealing”.  The statements used in the SAQ 
focussed around the key design characteristics derived from the user 
requirements i.e. usefulness, visual aspects, format/clarity, navigation, 
language used and time.  For certain user requirements both positive and 
negative statements were presented in the SAQ.  This was to ensure that the 
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participants read each statement and did not continually opt for the same 
response.  Also, where there are two requirements for particular design 
characteristics (see Table 6.12) two separate acceptance statements were 
used.  These have been coded as L1 and L2, i.e. language requirement 1 and 
language requirement 2; the same has been done for format/clarity and visual 
characteristics.  A full copy of the SAQ that was used to evaluate the Context 
Calculator is detailed in Appendix C5. 
 
A SAQ was the chosen method for the purpose of this evaluation as it 
provided a quick and effective way to gain an indication of whether the 
Context Calculator acceptably meets designers’ needs (Brooke, 1986).  It has 
also been demonstrated as being an effective tool for assessing the 
interaction between users and information in a usability context (Clarke et al, 
2005).  Other evaluation methods were considered, such as a real world 
evaluation whereby the Context Calculator is embedded within design 
practice and evaluated over a longitudinal period.  However, this was deemed 
impractical/unrealistic, as designers’ time is limited and disruption to their 
work practices is not welcomed.   
6.10. Procedure 
A range of design consultancies were contacted through email and/or phone 
to recruit designers to take part in the evaluation.  If the designers were willing 
to take part, a time and date convenient to them was arranged for the 
evaluation to take place.  All evaluations took place at their works’ premises to 
minimise disruption to their work schedule.  Prior to conducting the evaluation, 
each participant was asked to read through the participant information sheet 
and sign a consent form; a copy of both of these documents is detailed in 
Appendix C5. 
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Each participant was asked to complete a series of six tasks; each task 
focussed on a specific section of the tool to ensure that all aspects of the 
Context Calculator could therefore be fully experienced and evaluated.   After 
completing a task each participant was asked to fill in the relevant section of 
the SAQ.  Participants were asked to speak aloud any problems they 
experienced/identified whilst completing the tasks; these were recorded 
separately and then amalgamated with the SAQ data.  After completing all six 
tasks, participants were asked to complete the ‘Overall’ section of the SAQ 
which was designed to gather participants’ overall opinions and satisfaction 
rating of the tool to determine likely system acceptance.   
6.11. Sample 
A total of ten participants (n=10) were recruited to take part in the evaluation.  
The ten participants consisted of three design practice lecturers each with a 
commercial product design background, four product designers, two industrial 
designers and one user experience designer.  All participants had over eight 
years experience in design.  Participant recruitment ceased after ten 
participants had completed the evaluation as no new problems/issues were 
being identified and acceptance levels appeared consistent for each of the 
factors being evaluated.  Nielsen and Thomas (1993) state that when 
conducting evaluations “you are wasting your time by observing the same 
findings repeatedly but not learning much new.”  Also, the mathematical 
model of the finding of usability problems (Nielsen and Thomas, 1993) shows 
that nearly 100% of usability problems can be identified with ten participants.  
Figure 6.19 shows the Context Calculator being evaluated by one of the 
participants from the sample.   
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Figure 6.19. Participant evaluating the Context Calculator 
 
6.12. Evaluation findings 
The following section presents the high fidelity prototyped screens, along with 
the evaluation findings that were obtained from the SAQ. The results are 
presented in the same order that the SAQ was conducted i.e. starting with 
task 1 and finishing with participants overall acceptance levels to the ‘Context 
Calculator.’  For each task, the main interface(s) viewed are presented along 
with the verbal feedback received. 
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6.12.1. Task 1: First impressions 
You are planning on designing a mobile communication device (use another product if 
deemed appropriate) and you have been directed to this tool, the Context Calculator, by a 
colleague.  I’d like you to spend 5 minutes familiarising yourself with the tool and then let me 
know your initial impressions.  Whilst looking at the tool, if something is not clear (navigation 
or content) then please speak aloud any problems you are experiencing. 
 
The main interface viewed for task 1 was the ‘Welcome screen’ (home page) 
which can be seen illustrated in Figure 6.20.  During task 1, participants kept 
trying to click on the icons highlighted by a red box in Figure 6.20 as 
participants felt they resembled navigation buttons.  Verbal feedback received 
included, “they have an app like appearance...when I click on them I expect it 
to take me somewhere.”  Further verbal feedback focussed on the visual 
aspects of the Context Calculator; nearly all (7) participants stated there was 
a lack of consistency in the layout; see Figure 6.20 for further details. 
 
Figure 6.20. Context Calculator ‘Welcome’ page  
 
After completing task 1, participants were asked the following questions:  
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What are your initial impressions? 
All participants were very positive about their initial impressions of the 
‘Context Calculator.’  A number of participants (7) reported that they found the 
information being presented ‘simple and clear’.  Also, participants (6) stated 
that it ‘looks useful for gaining data’ and ‘understanding the issues’.  However, 
all participants reported the icons/graphics used caused confusion as they 
appeared as navigation buttons.   
 
Briefly describe what you think this tool is about: 
All designers (10) reported responses of a similar nature, which included: 
• Helping designers understand the issues surrounding usability in the 
real world; 
• Impact of the environment on product interaction; 
• Helping a designer to choose different font types for different 
environmental conditions and dexterity data for varying temperatures. 
 
The following results refer to the Likert scale responses to task 1.  The Likert 
scale responses for each category were scored, median averaged (as data 
obtained was ordinal) and then plotted in a bar graph, see Figure 6.21.  Likert 
scale responses were allocated a score between 1 and 5.  A score of 5 is 
attributed to either a positive statement with a ‘strongly agree’ response, or a 
negative statement with a ‘strongly disagree’ response.  A score of 4 is 
attributed to either a positive statement with an ‘agree’ response, or a 
negative statement with a ‘disagree’ response, and so on.  Where the median 
scores are <3, design modifications will be made, scores ≥3 shows the 
system is acceptable (Maguire, 2001b). 
Chapter 6b: Context Calculator evaluation and refinements 
283 
 
 
Figure 6.21. Acceptability scores for task 1 
 
Results from the mean Likert scale analysis are consistent with the verbal 
feedback obtained from participants, with visual aspects and navigation 
scoring lowest.  It would appear that low navigation acceptance scores can be 
attributed to the icons perceived as buttons which are used throughout the 
Context Calculator, and the low score for the visual aspects would appear to 
be a result of the inconsistent layout.  Even though the median score for the 
visual aspects is on the borderline of acceptable, it is a factor that will be 
addressed as the aesthetic qualities of the tool have been stressed to be of 
primary importance by designers.    
0
1
2
3
4
5
Li
ke
rt
 s
ca
le
 m
ed
ia
n 
sc
or
e 
Chapter 6b: Context Calculator evaluation and refinements 
284 
 
6.12.2. Task 2: Understand more - Vision 
You want to find out more about the effects of everyday environmental conditions on product 
interaction.  In particular, you want to find out how everyday environmental conditions impact 
on vision.  Spend a couple of minutes using this tool to find this information. Once you have 
found it, please read it and complete the question below. 
 
The purpose of this task (and task 5) was to get participants to explore the 
‘Understand more’ section of the Context Calculator.  The ‘Understand more’ 
section was incorporated into the Context Calculator following the feedback 
obtained from participants during the Include 2009 workshop (see section 
6.7.1).  Workshop participants suggested that users of the Context Calculator 
needed to be made aware of the importance of the data and the issues 
surrounding it.  It was felt that such information would make users aware of 
the need to consider context capability data when designing. 
 
The main screens viewed for task 2 were the ‘Understand more’ landing page, 
the ‘vision and lighting overview’ page and the vision ‘physiological 
information’ page (see Figures 6.22 to 6.24).   
 
Again, navigation was raised as an issue as a result of the icons/graphics 
used.  Also, the majority of participants (7) stated that a link was required at 
the end of the vision ‘physiological information’ page to the vision data as this 
would provide a better flow to the tool.  
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Figure 6.22. ‘Understand more’ landing page 
 
 
Figure 6.23. Vision and lighting overview page 
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Figure 6.24. Vision physiological information page 
 
After completing task 2, all participants were asked whether the information 
on vision and everyday lighting levels was something they were already 
aware of; the majority of designers (7) stated it was not.  The Likert scale 
responses for task 2 can be seen illustrated in Figure 6.25.  
 
Figure 6.25. Acceptability scores for task 2 
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Results from the Likert scale analysis showed that:  
• All factors apart from navigation scored >3,   
• Language (L1 and L2) received the highest overall mean acceptance 
score of 4.5,  
• Navigation scored the lowest with 2.5.   
 
Again, verbal feedback helped identify the specific issues / design features 
that caused navigation problems.  Refinements detailed later in this chapter 
will address the navigation problems experienced in this part of the tool.   
6.12.3. Task 3: Vision inclusion data 
You now want to use the tool to determine what letter size/contrast combination you should 
use for the letters/numbers/symbols on the mobile communication device you are designing.  
I would like you to use the tool to access the relevant information and then tell me what your 
decision would be. 
 
The purpose of this task was twofold: 1) to determine whether the screen 
layout and content is in-line with designers’ needs, and 2) to determine 
whether designers get the right design insight from the data displayed in this 
part of the tool.  The main interfaces viewed for task 3 were the ‘Design 
options’ landing page, the ‘vision scenario selection’ page and the ‘vision data’ 
page (see figures 6.26 to 6.28 respectively).   
 
Navigation was again raised as an issue, as this time it was due to the 
scenario selection buttons having the same appearance as the icons on the 
previous screens, which caused confusion.  Also, the actual navigation 
buttons did not stand out sufficiently.  Issues in relation to the visual aspects 
were raised; these included some participants not liking the use of certain 
graphical effects, some aspects having a ‘clunky’ appearance and a lack of 
contrast in certain areas.  These issues have been highlighted in Figures 6.26 
to 6.28.  
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Another important issue raised by participants was regarding the inclusion 
percentages detailed within the data tables.  Essentially, participants wanted 
to find out more about what the inclusion percentages referred to; they stated 
it would be beneficial to have that information embedded within the tool.  
 
Figure 6.26.  Design options landing page 
 
 
Figure 6.27. Vision scenario selection page 
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Figure 6.28. Vision data page 
 
The Likert scale responses for task 3 can be seen illustrated in Figure 6.29.  
 
Figure 6.29. Acceptability scores for task 3 – vision inclusion data 
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Results from the median Likert scale analysis showed that:  
• Usefulness received the highest overall median acceptance score (Md 
= 4.5), 
• Language, time and format/clarity (F/C2) (the data in this part of the 
tool is clearly explained) all received a median score of 4,  
• Navigation (Md = 2) followed by the visual aspects (Md = 2.5) scored 
the lowest.  
 
Refinements to the navigational and visual aspects to this part of the tool will 
be detailed within the refinements section of this chapter as both scores were 
lower than the acceptance threshold (Md<3).  Also, further information will be 
added to the Context Calculator regarding the inclusion percentages detailed 
within the data tables. 
 
To determine whether the right design insight was achieved after completing 
this task, the following two questions were asked; the answers obtained from 
these questions are also detailed. 
 
What would your decision be regarding font size and contrast after 
viewing the data? 
All designers selected the ‘Outside daytime’ and the ‘1 metre’ viewing 
distance scenario of use.  The majority of designers (7) stated that they would 
have used a minimum font size of 26pt at ≥70% contrast, which would include 
approximately 95% of older adults who took part in Study 2 (Chapter 5). 
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What level of inclusion do you deem acceptable? 
Participants’ responses varied between 70% to 95% included.   
 
For both questions, a number of participants (4) stated that graphical or 
physical product constraints may reduce the desired level of inclusion which 
they would initially aim for. 
 
Based on the answers provided, it would appear that the correct design 
insight has been achieved, with designers making conscious decisions to 
include as many people as they see reasonably possible. 
6.12.3.1. Task 3.1 More information links 
Pages which provide further information on the viewing distances and lighting 
levels used were incorporated into the ‘Context Calculator.’  These pages 
could be accessed from the ‘More information’ links embedded within the 
scenario selection page (see Figure 6.27).  These pages are intended to 
provide support to users, if needed, when selecting a scenario of use.  
Providing support in the use of data is one of the key user requirements for 
capability data (Gyi et al, 2000, Lopez-Mesa and Thompson, 2003).  
Following task 3, participants were asked to state whether they had used the 
‘More information’ links and whether the information was helpful.  Nearly all 
participants (9) had used them; each stated they were very helpful. 
Comments from participants included: “this information helped me understand 
the vast differences in everyday lighting levels” and “information provided in 
these links provided enough support to ensure I chose the right scenario for 
the product.”  The ‘More information’ pages on viewing distances and lighting 
levels can be seen illustrated in Figures 6.30 and 6.31 respectively.  
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Figure 6.30. More information on viewing distances page 
 
 
 Figure 6.31. More information on lighting levels page 
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6.12.4. Task 4: Using another font 
You’ve got to this page (vision data page) and realise the data only relates to Arial font, but 
you want to use another font.  Can you spend a few minutes having a look at what you need 
to do and then complete the questions below. 
Two pages detailing information on stroke width and the application of the 
data to other font types were incorporated into the ‘Context Calculator.’  
These pages can be seen illustrated in Figures 6.32 and 6.33.  
 
Figure 6.32. Information provided on stroke width – page 1 
 
 
Figure 6.33.  Information provided on stroke width – page 2 
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After completing this task participants were asked to fill out the SAQ.  The 
complete set of median Likert scale responses for task 4 are detailed in 
Figure 6.34.      
 
Figure 6.34. Acceptability scores for task 4 - using another font 
 
The statements used for the ‘language’ section of the SAQ were, L1) The 
information in this part of the tool is clear, and L2) I feel confident in applying 
this information.  The median Likert scale scores for both of these statements 
were 4.  This median value indicates that the information provided on stroke 
width is clear and contains sufficient detail for users to apply the data to other 
fonts.  Results from the median Likert scale analysis also showed that nearly 
all of the other factors received a median score of 4; only format /clarity 
scored slightly lower (Md = 3.5).  The SAQ scores obtained indicate that this 
part of the tool is deemed acceptable. 
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6.12.5. Task 5: Understand more – dexterity 
You’ve used the tool and found out all the relevant data/information you need on font/vision.  
Because you are designing a mobile device you want to find out more about what effect an 
everyday cold temperature may have on dexterity.  Please spend five minutes using the tool 
to find out this information. 
 
The purpose of task 5 was to get participants to explore the dexterity and 
everyday cold temperatures part of the ‘Understand more’ section of the tool.  
The main pages viewed for task 5 were the ‘Understand more’ landing page 
(detailed previously in Figure 6.22), the ‘dexterity and cold overview’ page and 
the dexterity ‘physiological information’ page.  Again, participants reiterated 
their concerns about icons having a button like appearance and stated there 
was a need for a link at the end of the ‘dexterity physiological information 
page’ to the dexterity data/guidance to aid flow.  These issues are addressed 
in the refinements section of this chapter.  Illustrated in Figures 6.35 and 6.36 
are the pages that were viewed to complete this task.  
 
 
Figure 6.35. Dexterity and cold overview page 
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Figure 6.36. Dexterity physiological information page 
 
After completing task 5, all participants were asked whether the information 
on dexterity and everyday cold temperatures was something they were 
already aware of; the majority of participants (7) stated it was not.  The Likert 
scale responses are illustrated in Figure 6.37.  
 
Figure 6.37. Acceptability scores for task 5: Understand more - dexterity  
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Results from the Likert scale analysis showed that all factors received a 
median score of 4, apart from navigation (Md = 3.5).  The SAQ scores 
obtained indicate that this part of the tool is deemed acceptable.  It may be 
the case that the high consistency in scores is a result of the participants 
becoming familiar with the Context Calculator.   
 
6.12.6. Task 6: Dexterity guidance 
Finally, you want to see the design guidance on how to minimise the effects of everyday cold 
temperatures on product interaction.   I would like you to use the tool to access the relevant 
information and then tell me how you would apply the guidance to the mobile communication 
device. 
 
Again, as with task 3, the purpose of this task was twofold; 1) determine 
whether the screen layout and content is in-line with designers’ needs, and 2) 
to determine whether designers get the correct design insight from the data 
displayed in this part of the tool.  The main pages viewed for this task were 
the ‘Design options’ landing page (as shown previously in Figure 6.26), the 
‘dexterity data’ page and the ‘dexterity guidance’ page.   
 
Verbal feedback from participants again highlighted problems with navigation 
and the visual aspects of the tool.  In particular, participants recommended 
changing the dexterity performance graph to a line graph as it would provide a 
clearer illustration of performance decrements, and modifying the layout of the 
dexterity guidance as it looked cluttered.  These issues are depicted in 
Figures 6.38 and 6.39. 
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Figure 6.38. Dexterity data page 
 
 
Figure 6.39. Dexterity guidance page 
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The median Likert scale responses for task 6 can be seen illustrated in Figure 
6.40.  
 
Figure 6.40. Acceptability scores for task 6 - dexterity guidance 
 
Results from the median Likert scale analysis showed that:  
• All median scores were ≥3, 
• Usefulness received the highest median score (Md = 4.5), 
• Navigation, visual aspects and format/clarity (F/C1) (The layout of the 
information is simple and intuitive)  received the lowest median scores 
(Md = 3), 
• Time taken to use this part of the tool was deemed acceptable (Md = 
4). 
 
Feedback received from participants would indicate that the lower median 
scores (Md = 3) for the visual aspects and F/C1 can be attributed to the layout 
of the guidance and the performance decrements graph (Figure 6.38).   
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Participants were asked ‘how would you apply the guidance on dexterity 
to the design of a mobile phone’ in order to determine whether the right 
design insight was achieved.  The answers obtained from this question 
suggested that the information presented within the section of the tool 
provided participants with the right design insights.  The responses included: 
• Reduce the need for fine motor controls and replace with gripping 
actions, 
• Consider button size and position – consider actions such as gripping 
and gesturing instead, 
• Ensure key product functions could be executed through gripping 
actions. 
 
Responses such as these indicate that the correct design insight is achievable 
after viewing this section of the ‘Context Calculator.’ 
6.12.7. Overall 
The final section of the evaluation required participants to rate their overall 
opinions and experience of using the Context Calculator.  This section of the 
SAQ focussed on the key user requirements and overall user satisfaction.  
The median overall Likert scale responses for the Context Calculator can be 
seen illustrated in Figure 6.41. 
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Figure 6.41. Median overall rating of the Context Calculator 
 
As shown in Figure 6.41, overall, only navigation was rated as unacceptable 
(Md = 2.5).  Responses received from the ten participants indicate that the 
usefulness, visual aspects, format/clarity, language used and time required to 
use the tool is acceptable, which confirms only one user requirement has not 
been met with this current design.  Participants were also asked to rate their 
overall satisfaction of the Context Calculator; S1: overall I am satisfied with 
the tool, and S2: I would recommend this tool to a friend; both of these 
acceptance statements received a median score of 4.   
 
Results from this evaluation have shown that navigational improvements are 
needed; it is the one factor that has been rated less than acceptable (Md<3) in 
three out of six tasks, and borderline for another (task 6).  The only other 
factor which has received an unacceptable median score (Md<3) was the 
visual aspects in task 3; median scores for two further tasks have been 
borderline (tasks 1 and 6).  Also, the verbal feedback from most tasks has 
been related to this aspect of the tool.  Past research findings from the 
literature (Nickpour and Dong, 2009), and from Chapter 6a (section 6.6) 
emphasise just how important the aesthetic appearance of a design tool is, 
thus refinements will also address the visual issues raised by participants. 
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6.13. Key refinements 
Based on the evaluation findings, the following key refinements were deemed 
necessary prior to Context Calculator being launched. 
 
Navigation 
• Make graphics and icons look less like navigation buttons, 
• Make navigation buttons within the main body of the Context Calculator 
clearer, 
• Incorporate additional links into the physiological overview pages to the 
data pages (both vision and dexterity). 
 
Visual aspects 
• Ensure consistency in the overall layout i.e. ensure differing shapes are 
not used to house content or menu options,  
• Remove glow effect from information boxes; make the content of the 
tool stand out more from the background; make the scenario selection 
instruction boxes look less ‘clunky’(blocky), 
• Sharpen the layout of the dexterity guidance so that it looks less 
cluttered. 
 
 
Content changes 
• Incorporate an additional page which details what the inclusion 
percentages refer to, 
• Change dexterity data graph to a line graph. 
 
 
The following section of this chapter illustrates the changes that have been 
made to the ‘Context Calculator,’ all of which address the findings from the 
design evaluation. 
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6.13.1. Navigation  
Make the graphics and icons look less like navigation buttons  
The icons and graphics used within the Context Calculator were refined; a 
minimalist look was opted for to reduce their button like appearance.  The 
initial version of the ‘Welcome’ page is illustrated in Figure 6.42 and the 
refined version in Figure 6.43.  
 
Figure 6.42. Initial ‘Welcome’ page 
 
 
Figure 6.43. Refined ‘Welcome’ page 
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Make navigation buttons clearer 
The appearance of the navigation buttons (not the menu tabs) within the main 
body of the Context Calculator were changed to make them clearer.  Arrows 
(>) were also added to navigation buttons to indicate that it is a call to action.  
Figure 6.45 shows the initial navigation buttons used; Figure 6.46 displays the 
refined version.   
 
Figure 6.45. Initial navigation button design 
 
 
Figure 6.46. Refined navigation button 
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Incorporate additional links into the physiological overview pages to the 
data pages (both vision and dexterity) 
Additional links were incorporated from the physiological pages to data pages.  
Figure 6.47 shows the initial page layout; Figure 6.48 displays the refined 
version with the additional link.   
 
 
Figure 6.47. Initial page layout without link to data/guidance 
 
 
Figure 6.48. Refined page layout with link to data/guidance 
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6.13.2. Visual aspects 
Ensure consistency in overall layout 
Changes were made to the aesthetic appearance of the menu tabs (i.e. 
‘Welcome’, ‘Understand more’ and ‘Design options’) at the top of the screen to 
ensure consistency in overall layout.  Figure 6.49 shows the initial design of 
the menu tabs; Figure 6.50 displays the refined version.  
 
Figure 6.49. Initial menu tabs design 
 
Figure 6.50. Refined menu tab design 
Changes were also made to the information boxes displayed at the top of the 
vision data table pages.  Figure 6.51 shows the initial design; Figure 6.52 
displays the refined version.  
 
Figure 6.51. Initial information boxes displayed on the vision data page 
 
 
 
Figure 6.52. Refined information boxes displayed on the vision data page 
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Remove glow effect from information boxes; make the content of the 
tool stand out more from the background; make the scenario selection 
instruction boxes look less ‘clunky’ (blocky); 
The initial page where these issues were highlighted can be seen in Figure 
6.53; the refined page which addresses these changes can be seen in Figure 
6.54. 
 
Figure 6.53. Initial scenario selection screen 
 
 
Figure 6.54. Refined scenario selection page 
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Sharpen the layout of the dexterity guidance so it looks less cluttered 
The final visual refinements made were to the layout of the dexterity guidance.  
The page was refined with the intent of making the layout look less 
cluttered/clearer.  Figure 6.55 shows the original page layout; Figure 6.56 
shows the refined dexterity guidance page. 
 
Figure 6.55. Initial dexterity guidance page 
 
 
Figure 6.56. Refined dexterity guidance page 
Chapter 6b: Context Calculator evaluation and refinements 
309 
 
6.13.3. Content changes 
Incorporate an additional page which details what the inclusion 
percentages refer to 
 
An additional page was added to the Context Calculator which provided 
information about the inclusion percentages displayed on the ‘vision data’ 
pages.  The additional page and the content are detailed in Figure 6.57. 
 
 
Figure 6.57. Additional information page - inclusion percentages 
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Change dexterity data graph to a line graph 
Refinements were made to the graph which is presented on the ‘dexterity 
data’ page.  Participants felt the information would be better displayed as a 
line graph as it would provide a clearer illustration of performance 
decrements.  Figure 6.58 shows the initial graph used; Figure 6.59 illustrates 
the refined version. 
 
Figure 6.58. Initial dexterity data graph 
 
 
Figure 6.59. Refined dexterity data graph 
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6.13.4. Final prototype 
The refined prototype, which details all of the changes presented, can be 
found at the back of this thesis (CD).  The refined prototype was programmed 
using Microsoft PowerPoint as this was the stipulated format for the Inclusive 
Design Toolkit.   
6.14. Conclusions 
This chapter has given a detailed account of the translation process followed 
to convert the vision and dexterity context data gathered in studies 1 and 2 
(Chapters 4 and 5) into a suitable form for designers.  Chapter 6a has shown 
that certain types of capability data cannot be converted into 
inclusion/exclusion percentages. Specifically, timed performance task data 
and strength data (when measured on a continuous scale), as gathered in 
Study 1 (Chapter 4), could not be converted as participants did not reach a 
point where they could no longer complete the task measure (i.e. become 
excluded).  However, performance decrements could be quantified for such 
tasks, which allowed design guidance to be generated.  For 
inclusion/exclusion data to be generated, it would appear that a scale of 
measurement is needed where the level of capability required to complete a 
specific task/measure progressively increases.  However, using measures 
that will obtain inclusion/exclusion data may compromise the relevance, 
reliability and validity of the data gathered.   
  
The measurement scale used to gather the visual acuity data did allow for 
exclusion data to be generated.  In relation to the scoring method used 
(smallest row read correctly), exclusion data was felt to potentially be 
misleading as participants did not become excluded if the size of letter/detail 
was slightly smaller than the acuity score they obtained on the LogMAR acuity 
charts.  However, the scoring method used did detail what the sample of older 
adults was visually capable of doing without experiencing any difficulties; thus, 
inclusion data/percentages were generated from the data gathered in Study 2 
(Chapter 5).  The translation of visual acuity capability data into inclusion 
percentages was achieved through converting the data into z-scores and 
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comparing the scores to the standard normal distribution table.  Further 
translation of the acuity data was necessary as the LogMAR acuity chart 
letters are unique in their format and therefore are not freely available for 
designers to use. 
   
The letter stroke width of the LogMAR acuity chart letters were matched to the 
stroke width of Arial font as letter stroke width was identified from the literature 
as the most dominating factor in determining letter legibility.  On the whole, it 
would appear that even when exclusion/inclusion data can be generated from 
component function measures, a significant amount of data translation is 
necessary for it to be in a form that can be easily applied to the design of 
products. 
 
Chapter 6 has also shown that by adopting an iterative Human Centred 
Design (HCD) process, designers’ further requirements for data tools (e.g. 
highly visual, simple, intuitive, quick to access etc.) can be met.  Evaluation 
findings have shown that by meeting these additional requirements in the 
design of a data tool, the desired design insight can be achieved.  In 
particular, evidence from the evaluations suggests that design decisions 
made as a result of using the Context Calculator are such that high levels of 
inclusion would be achieved.  However, designers were asked to apply the 
data to a contrived design scenario, whereas within a real world design 
setting, other pressures (time, cost, branding etc.) could potentially impact on 
their design decision making.   
 
Feedback obtained from designers throughout the evaluation stages of Study 
3 has shown that the aesthetic qualities of the information being presented 
are of primary concern.  Other factors such as language, format/clarity and 
time appeared almost secondary in certain instances.  This finding would 
support previous research (Lidwell et al, 2003) whereby the aesthetics of a 
design greatly impacts on a user’s attitude and perception towards it.  
However, this is not to say other factors can be neglected, as navigation (not 
an aesthetic factor) was continually highlighted as an issue in the evaluations.  
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Another important factor to emerge from the feedback was explaining the 
context of the data and the issues surrounding it as study participants felt that 
this was crucial if they were to consider and apply the data.   
 
Overall, findings from Study 3 suggest that capability data will be considered 
and applied by designers providing the data is relevant (easily applicable), 
visually appealing,  explained and presented at the right level. However, 
translating capability data into such a form requires a significant investment of 
time, effort and resources. 
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Chapter 7: 
7. Conclusions and future work 
7.1. Conclusions 
The research detailed within this thesis was undertaken in response to a 
number of factors identified in Chapter 1: these were: 1) the ageing 
population; 2) a lack of older adult context capability data; and 3) the need for 
inclusive design within commercial design practice.   
 
This programme of research has successfully achieved its aim: to generate 
older adult context capability data and translate it into a suitable form that will 
support the implementation of inclusive design within industry.  This has been 
achieved through addressing each of the six objectives detailed in Chapter 1 
(section 1.7).  The objectives were addressed by conducting an in-depth 
literature review (Chapter 2), two empirical studies (Chapters 4 and 5), and 
developing and testing an interactive prototype design tool called the ‘Context 
Calculator’ (Chapter 6).  The key findings from the research carried out to 
address these objectives are detailed within this final chapter.  The 
contributions of knowledge this thesis provides are discussed along with the 
limitations of the findings.  The chapter concludes with suggestions for future 
research. 
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7.1.1. Objective 1 
To identify what aspects of environmental context of use are likely to 
have the most frequent impact on older adults’ product interaction 
capabilities.  
 
The research detailed within this thesis focussed on the impact of 
environmental context of use on older adults’ abilities to interact with everyday 
products.  In Chapter 2a a review of environmental context of use was 
conducted, and from this review the following can be concluded:   
• Environmental context of use is defined as “the physical and social 
environments in which a product is used” (British Standards Institution, 
2006).    
• Factors associated with the physical environment were identified as 
having the greatest impact on older adults due to their reduced 
functional capabilities.   
• Vision (visual acuity) and dexterity (fine finger, pinch and power grip) 
are required to complete the majority of tasks with everyday products, 
thus physical environmental factors which affect these capabilities are 
likely to have the greatest impact on product interaction.  
• Ambient illumination was identified as the physical environmental factor 
that is likely to have the greatest/most frequent impact on visual acuity 
when interacting with everyday products. 
• Cold temperatures were identified as the physical environmental factor 
that is likely to have the greatest/most frequent impact on dexterity 
when interacting with everyday products. 
• Factors which impact on other capabilities, such as hearing, reach & 
stretch, locomotion and/or cognition are unlikely to have the same level 
of impact on interaction with everyday products, as on the whole such 
capabilities are not required (or made demands upon) as frequently to 
complete product tasks. 
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7.1.2. Objective 2 
To establish what context capability data currently exist, and where 
there are gaps in data, in relation to the identified environmental 
contextual factors. 
 
The second objective required an extensive review of several key research 
databases to establish what context capability data currently exist in relation 
to visual acuity and ambient illumination and dexterity and cold temperatures.  
The review revealed that:   
• A number of past studies have investigated the impact of varying 
temperatures and ambient illumination conditions on younger adults’ 
abilities; however, due to anatomical and physiological changes that 
occur through ageing the data cannot be extrapolated to older adults. 
• Investigations (Bodmann, 1962, 1967) have been conducted which 
focused on the relationship between illumination, visual performance 
and age; however, the focus of such investigations was on determining 
an optimum lighting level for a given task, as opposed to determining 
older adults’ visual acuity capabilities at specific illumination levels.   
• Findings from the review carried out in Chapter 2b showed that the 
measurement of older adults’ capabilities (vision and dexterity) under 
everyday environmental conditions (ambient illumination and cold 
temperatures) has largely been neglected, i.e. no capability data 
currently exist. 
 
It was evident from the review in Chapter 2b that large gaps in the data exist.  
A total of three research questions were generated in order to address these 
gaps.  These research questions were answered through empirical studies 
(Study 1 and Study 2) detailed in Chapters 4 and 5.  The research questions 
along with the key conclusions drawn from the results are detailed under 
objective 4 (section 7.1.4).   
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7.1.3. Objective 3 
To conduct experimental investigations that will gather accurate older 
adult context capability data that is relevant to product interaction. 
 
Two studies were carried out to gather accurate context capability data that 
were relevant to product interaction.  Study 1 focussed on measuring older 
adults’ fine finger dexterity, pinch and power grip strength whilst exposed to 
an everyday cold temperature (5°C); Study 2 focussed on measuring older 
adults’ visual acuity capabilities whilst exposed to three different everyday 
ambient illumination levels i.e. overcast (6000 lx), in-house (150 lx) and street 
lighting (7.5 lx).   
 
In relation to gathering accurate vision (visual acuity) and dexterity (fine finger, 
power and pinch grip) context capability data that is relevant to product 
interaction, the following can be concluded from a methodological 
perspective:   
• Laboratory experiments are the most suitable research strategy for 
simulating everyday environmental contexts of use, as they allow 
control over the various environmental parameters which ensures 
consistency in testing conditions between participants. 
• Component function and product task objective performance measures 
are the most appropriate measures for gathering accurate capability 
data that is relevant to product interaction. 
7.1.3.1. Component function measures 
• The Purdue Pegboard provides the most accurate, reliable and valid 
measure of fine finger dexterity. 
• An accurate, reliable and valid measure of grip strength (power and 
pinch) is obtainable through standardising and repeating the 
measurement process with a specifically designed grip strain gauge. 
• Logarithmic Minimum Angle of Resolution (LogMAR) acuity charts 
currently provide the most accurate, reliable and valid measure of 
visual acuity. 
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• Near visual acuity (i.e. tested at a one metre viewing distance) needs 
to be measured at a range of contrast levels in order to obtain a 
measure of older adults’ visual acuity that is relevant to product 
interaction. 
• There is no research evidence which examines the relationship 
between the selected component function measures and product 
interaction capability for both the vision and dexterous measures; thus 
as part of this thesis this relationship was examined – two further 
research questions (RQ4 and RQ5) were therefore generated to 
address this. 
7.1.3.2. Product task measures 
• Appropriate product task measures were easily identifiable; such 
measures offer a relatively quick means of obtaining a measure of 
dexterous and visual capability with a product.  However, performance 
with such measures can easily be affected by extraneous variables; 
thus, careful consideration of the products used and the tasks 
undertaken were needed.  
7.1.4. Objective 4 
Conduct statistical analysis on the data to determine the extent to which 
the environmental context of use affects older adults’ product 
interaction capabilities. 
 
Objective 4 focussed on the analysis of the data gathered from studies 1 and 
2.  The overall purpose of the statistical analysis was to provide answers to 
research questions (RQ 1 to 5) that were generated from the reviews carried 
out in Chapters 2, 4a and 5a. 
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RQ1: To what extent will an everyday cold temperature of 5°C affect the   
fine finger dexterity and the grip strength of older adults?  
   
When older adults (+65 years) are exposed to 5°C for periods between 20-45 
minutes, their: 
• Fine finger capability will reduce between 4.5%-11%.   
• Power and Pinch Grip strength will not be affected providing muscles in 
the forearm are kept warm by clothing insulation. 
• Ability to pick up and place objects such as keys, nuts, money, 
batteries, SIM cards, bank cards, etc. will reduce by 4% to 14%. 
• Ability to input information (numbers) into a keypad on a mobile phone 
(that has physical push buttons) will reduce by 0.5% to 12.5%. 
• Ability to use a touch screen and stylus will not be affected; however 
these results need to be interpreted with caution as a number of 
extraneous variables were identified as possibly contributing to task 
performance. 
 
RQ2: What are older adults’ visual acuity capabilities under different 
everyday ambient illumination levels? 
 
• Older adults’ visual acuity capabilities are significantly affected by 
variations in contrast when in different everyday ambient illumination 
conditions.  
• Contrast affects older adults’ visual acuity capability to a greater extent 
at lower ambient illumination levels; under street lighting the size of 
detail able to be distinguished can vary by an average of 1.8mm as a 
result of changes in contrast between 90% and 30%.  
• Table 5.25 (section 5.21.4) in Chapter 5c should be used to determine 
older adults’ visual acuity capabilities under different everyday ambient 
illumination conditions at differing contrast levels (90%, 70%, 50% and 
30% contrast).   
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RQ3: To what extent do everyday ambient illumination levels affect 
older adults’ visual acuity? 
 
• Older adults’ visual acuity capability at each of the tested contrast 
levels (90%, 70%, 50% and 30%) was significantly affected by the 
everyday ambient illumination levels that were simulated (overcast, in-
house and street lighting).  As ambient illumination decreased so did 
visual acuity. 
• Significant decreases in visual performance with product task 
measures were also observed between all conditions tested. 
• On average, participants could distinguish detail around 1.6 times 
smaller on the LogMAR acuity charts when under overcast conditions 
compared to street lighting.  
• On average, product task visual performance decreased by 1.5 times 
from the overcast condition to the street lighting condition.   
 
Findings from research questions 2 and 3 (RQ2 and RQ3) show that failure to 
consider the effect of contrast and everyday ambient illumination levels on 
older adults’ visual acuity could easily result in their being unable to perceive 
the necessary product detail and therefore experience either difficulty and 
frustration, or exclusion from product use. 
 
RQ4: Are component function dexterity measures good predictors of 
dexterous product interaction capability? 
 
• The results from the dexterity measures provided a mixture of findings 
from strong significant relationships to small non-significant ones. 
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• Power and Pinch Grip component function measures shared a strong 
significant relationship with the Secateurs product task in both the 
thermo-neutral and cold environment, thus indicating such measures 
can accurately predict older adults’ product interaction capabilities that 
require the exertion of a power gripping action.  However, this 
relationship has only been established with one type of product task, so 
extrapolation of this result to other product tasks which require a power 
gripping action should be undertaken with caution. 
• The Purdue Pegboard (a component function measure of fine finger 
dexterity) did not consistently have a strong significant relationship with 
any of the product tasks that require a similar type of capability.  Thus 
the Purdue Pegboard can only be used to accurately predict certain 
types of product interaction capabilities in certain environmental 
conditions, such as: 
o Inputting information (numbers) into a keypad with push buttons 
on a mobile phone in a thermo-neutral (19°C-24°C) and cold 
(5°C) environment. 
o Ability to pick-up and place everyday objects such as keys, 
bankcards, coins etc. in a thermo-neutral environment.  
o Inputting information (characters) into a touch screen device in a 
cold environment. 
 
RQ5: Are LogMAR acuity measures good predictors of older adults’ 
visual ability with products? 
 
• A strong significant relationship existed between older adults’ visual 
ability on the LogMAR acuity charts and their visual ability to complete 
product tasks in each of the ambient illumination conditions tested.  
Evidence from Study 2 suggests that LogMAR acuity charts can 
accurately predict older adults’ visual ability to distinguish detail with 
products in a range of everyday conditions. 
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7.1.5. Objective 5 
Translate older adult context capability data into a suitable form for 
designers. 
 
Chapter 6 focused on translating the context capability data gathered in 
studies 1 and 2 (Chapters 4 and 5) into a suitable form for designers - in a 
form that will support the implementation of inclusive design within industry. 
The following conclusions can be drawn from this chapter: 
 
• In order to support designers in designing for the older population, 
capability data are required that will allow designers to assess the 
inclusive merit of their design i.e. determine the number of people 
excluded from using a particular product; thus the data gathered 
needed to be translated into inclusion or exclusion data. 
• Converting objective parametric capability data into inclusion/exclusion 
percentages can be achieved through converting the data into z-scores 
and comparing the scores to the standard normal distribution table, 
providing the data gathered is normally distributed.  
• For inclusion/exclusion data to be generated, a scale of measurement 
is needed where the level of capability required to complete a specific 
task/measure progressively increases.    
• Even when an objective measure has a scale of measurement that 
allows inclusion/exclusion data to be generated, further translation may 
be necessary to ensure the data are in a form that can be easily 
applied to the design of products.   
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7.1.6. Objective 6 
Evaluate the suitability and usability of the translated data with 
designers. 
 
A design resource called the Context Calculator was created to embody the 
translated data and guidance along with the necessary supporting information 
to use and apply the data in one portal.  A Human Centred Design (HCD) 
process was adopted for the design and development of the Context 
Calculator as the process is seen as being central to the success of 
interactive systems (British Standards Institution, 2010).  In total, four stages 
of evaluations were carried out in the development of the Context Calculator 
with practising designers; the following conclusions can be drawn from these 
evaluations: 
• The aesthetic (visual) qualities of the information being presented were 
of primary importance to designers. Other factors such as language, 
format/clarity and time appeared almost secondary.  This finding would 
support previous research (Lidwell et al, 2003) whereby the aesthetics 
of a design greatly impacts on a user’s attitude and perception towards 
it. However, this is not to say other factors can be neglected, as 
navigation was continually highlighted as an issue in the final 
evaluation of the Context Calculator.     
• The Context Calculator was deemed acceptable (suitable and usable) 
by practising designers, providing navigation issues were addressed 
(which they were).  Evidence from the final stage of evaluation 
suggested that design decisions made as a result of using the Context 
Calculator were such that high levels of inclusion would be achieved 
with older users.  Thus, based on the findings of Study 3, it would 
appear that the context capability data gathered in studies 1 and 2 
have been successfully translated into a suitable form for designers 
that will support the implementation of inclusive design in industry.   
• Findings from this evaluation support the notion that the HCD process 
is central to the success of interactive systems. 
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7.2. Contributions to knowledge 
The research carried out for this thesis has resulted in a number of 
contributions that further knowledge in the area of inclusive design.  The main 
contributions that have emerged from this research are outlined in the 
following section.  This section also details the research publications that have 
been published as a result of the work carried out as part of this thesis.  
7.2.1. Identifying key contextual factors 
• Based on a detailed literature review (see Chapter 2a), a number of 
physical and social environmental factors which affect product 
interaction were identified (Chapter 2a, section 2.2, Figure 2.1).  These 
factors have been brought together to provide product designers, 
researchers and academics with an awareness and understanding of 
the range of environmental factors, which can impact on everyday 
product interaction. 
7.2.2. Collection and analysis of original context capability data from 
older adults 
• Knowledge and understanding of how to obtain a reliable and valid 
measure of older adults’ capabilities,  that is relevant to product 
interaction, whilst being exposed to everyday environmental conditions;   
• Appropriate/relevant visual acuity measuring techniques i.e. near vision 
LogMAR acuity charts were developed in order to obtain a measure of 
visual acuity that was relevant to product interaction;   
• Ethical protocols which can be employed to ensure exposure to 
everyday environmental conditions do not pose any risk to older adults;   
• Experimental methodologies which can be followed in order to reliably 
replicate real world conditions within a laboratory environment;  
• Awareness of potential extraneous variables and how they can be 
eliminated; 
• Knowledge and understanding of appropriate statistical analyses 
techniques that can be used to 1) determine the effect everyday 
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environmental conditions have on older adults’ capabilities; and 2) 
establish the relationship between component function and product 
tasks objective performance measures.    
7.2.3. Impact of environmental context of use on older adults’ 
capabilities 
• Studies 1 and 2 have produced a selection of capability datasets which 
quantify the effects of everyday environmental conditions on older 
adults’ product interaction capabilities. 
• Data from the studies have provided an understanding of how certain 
environmental contextual factors (ambient illumination: in-house and 
street lighting) can significantly change the way ability is mapped 
across the older adult population i.e. the majority of people falling 
within the mild impairment ability category. 
  
7.2.4. Translation of capability data to facilitate inclusive design 
• The translation process detailed in Chapter 6a has contributed new 
theoretical knowledge about the type of capability objective 
performance measures needed to generate inclusion or exclusion data, 
the statistical process which can be employed in order to translate the 
data into inclusion/exclusion percentages and how a data tool can be 
designed and developed to meet the requirements of the design 
industry. 
7.2.5. Context Calculator 
• Study 3 has contributed an interactive data tool (‘Context Calculator’) 
that contains context capability data that will aid designers in the 
design and development of inclusive everyday products. 
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7.2.6. Research publications 
As a result of the research carried out in this thesis, a number of research 
publications were produced: 
• Elton E and Nicolle C (2012) Designing inclusive products for 
everyday environments: The effects of everyday cold temperatures on 
older adults’ dexterity.  Universal Access in an Information Society 
(UAIS). ‘In press.’ 
• Elton E and Nicolle C (2011) Translating inclusive capability data for 
designers.  In:  Proceedings of Include 2011, Helen Hamlyn Research 
Centre, London. 
• Elton E and Nicolle C (2010) The Importance of context in Inclusive 
Design. In: M Anderson (Eds), Contemporary Ergonomics and Human 
Factors 2010, Taylor and Francis, Boca Raton.  
• Elton E, Dumolo, D and Nicolle C (2010) Have I just pressed 
something? The effects of everyday cold temperatures on dexterity. In: 
Proceedings of the 5th Cambridge Workshop on Universal Access and 
Assistive Technology (CWUAAT 2010).  Springer, London. 
• Elton E and Nicolle C (2009) Now you see it, Now you don’t.  In: 
Proceedings of Include 2009, Helen Hamlyn Centre, London. 
• Elton E, Nicolle C and Mitchell V (2008) Identifying contextual factors 
in inclusive design. In: Proceedings of the 4th Cambridge Workshop on 
Universal Access and Assistive Technology (CWUATT). Springer, 
London. 
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7.3. Limitations 
There are also a number of important limitations that need to be considered. 
7.3.1. Study 1: Effects of an everyday cold temperature 
The main limitations identified in Study 1 were: 
• The experimental protocol adopted for Study 1, i.e. 20 minutes sitting in 
the cold without the participants wearing gloves or moving their hands, 
represented the worst case scenario in terms of exposure to an 
everyday cold temperature.  This methodology was adopted in order to 
describe limits for design beyond which designers can be confident 
they will not exclude people (given the worst case scenario).  However, 
gathering this type of data meant that the study stepped outside what is 
generalisable to an everyday situation.  For example the results 
obtained from Study 1 cannot be extrapolated to situations in which 
people may have warm hands having just taken their gloves off, taken 
their hands out of their pockets, or having just stepped out from a warm 
building.  However, they can be generalised to situations where older 
people do have cold hands. See section 7.4.3. for how future research 
can build on what has been achieved in Study 1. 
• Limited exposure time to the cold restricted the objective performance 
measures that could be used and thus the extent to which results could 
be generalised to other products.   
• Older adults’ dexterous ability was measured at only two temperature 
levels; thus, little is known about the effect other temperature levels 
may have.  For example, little is known about the extent to which a 6°C 
or 4°C temperature will affect older adults’ dexterity. So, the application 
of the data obtained from Study 1 to products used at differing cold 
temperatures may not be valid.  
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7.3.2. Study 2: Effects of everyday ambient illumination levels 
The main limitations identified in Study 2 were: 
• The range of letter sizes used on the LogMAR acuity charts were 
insufficient to capture the full variability in older adults’ visual acuity 
across all test conditions. Thus, the range of capability data that could 
be gathered was limited due to the scale of measure used.          
• Study 2 exclusively investigated visual acuity on light reflecting objects 
(LogMAR charts and products), not light emitting (e.g. digital displays), 
thus little is known about the generalisability of the data gathered to 
such things as digital interfaces. However, a person’s visual acuity 
adjusts to the level of ambient illumination (Hopkinson and Collins, 
1970), so it would be assumed that visual capability would be the same 
with light emitting displays as it is with light reflecting surfaces. 
7.3.3. Study 3: Translating context capability data 
The main limitations identified with Study 3 were: 
• Limited access to practising product designers due to the demanding 
and confidential nature of commercial design practice.  This severely 
restricted the time available to explore and evaluate ideas with 
designers.  It also restricted the type of evaluation conducted on the 
Context Calculator, i.e. it had to be applied to a contrived design 
scenario, whereas within a real world design setting, other pressures 
(time, cost, branding etc.) could potentially impact on their design 
decision making.   
• Limited sample size (n=10) in the final evaluation phase could deliver a 
limited perspective on all of the issues that were evaluated.   
• It could be argued that the System Acceptance Questionnaire (SAQ) is 
a limited method for understanding designers’ thoughts and opinions 
related to the Context Calculator.  Also, it could be argued that using 
the Context Calculator to tackle a contrived design scenario does not 
provide a true reflection of how the tool would be perceived, used and 
applied in practice.  However, both of these methods were chosen due 
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to the restrictions/limitations of conducting research with practising 
designers.   
7.3.4. Laboratory experiments 
The setting in which a capability measurement is taken can have an impact on 
the assessment of capability (Johnson et al, 2009).  In particular, a person’s 
ability to perform an activity can be shown to vary between the home and a 
testing or experimental setting (Kivinen et al. 1998). In the home, people may 
develop coping strategies to enable them to perform certain tasks despite 
capacity limitations; conversely, people may push themselves during a 
performance-based test in a way that they would not be able to do on a 
regular basis (Merrill et al. 1997).  Thus, the capability data gathered from the 
laboratory experiments may not be a true reflection of what a person is 
capability of in the real world.   
 
Laboratory experiments lack a degree of experimental realism and do not 
naturally include all of the contextual factors from the environment in which 
the phenomenon of concern is being investigated (Drury, 2005).  See for 
example section 7.3.1 which describes contextual factors which were 
excluded from Study 2 and the impact this can have on the validity of the data 
gathered.  However, laboratory experiments have the strength of allowing the 
experimenter to create a tightly controlled situation from which measures can 
be taken, thus ensuring reliable measures can be achieved.  Taking 
measurements in the ‘real world’ does not allow for such control which can 
produce unreliable data i.e. without being able to control surrounding 
conditions it is difficult to attribute causation.   
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7.3.5. Cold temperature and ambient illumination levels 
The research conducted within this thesis specifically focussed on the effects 
of certain aspects of the physical environment (cold temperature and ambient 
illumination levels) on older adults’ dexterous and visual capabilities.  
Whereas in reality, there are multiple contextual factors which can impact on 
product interaction, in section 2.2 over 20 contextual factors were identified as 
potentially affecting the accessibility and usability of product and/or services 
(see figure 2.1).  Any one of these contextual factors has the potential to 
affect older adults’ capabilities to an extent whereby they could experience 
difficulty or exclusion with an everyday product.  For example, the high 
presence of other people and numerous interruptions may affect a person’s 
mental working causing them to forget key information required to carry out a 
product task.  The research conducted as part of this thesis attempted to 
focus on the contextual factors that affect the key product interaction 
capabilities (vision and dexterity), thus likely to have a more frequent impact 
on product interaction.  Section 7.4.4 within the Future Research section of 
this chapter focuses on broadening the context capability data detailed within 
the Context Calculator in order for designers to be able to make more 
informed decisions regarding the inclusive merit (accessibility and usability) of 
their proposed designs in everyday environments.     
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7.4. Future research 
A number of valuable areas considered for further research in inclusive design 
are recommended.  Addressing such issues with future research is necessary 
if dependency and exclusion are to be overcome in our ageing population.  
7.4.1. Capability measures that facilitate inclusive design 
There is a need for the development of a range of component function 
capability measures which can provide an accurate and directly relevant 
measure of capability in relation to product interaction.  Current component 
function measures have mostly been developed for clinical and research 
purposes; therefore the data gathered from such measures require a 
significant level of translation before it can be readily applied to the design of 
a product.  The development of directly relevant capability measures may 
encourage designers to gather capability data during the design process and 
stop them from using ‘quick and dirty’ methods such as asking friends and 
colleagues to gain user knowledge (Cassim, 2005). 
7.4.2. Effects of everyday cold temperatures 
Cold exposure time was limited during Study 1 due to the potential health and 
safety risks posed to older participants by prolonged exposure to cold 
temperatures.  As a result of this limitation, and due to multiple measures of 
grip strength being required, only product task measures which were relatively 
quick to complete could be used.  Future research could also be conducted to 
examine the impact a typical cold temperature (5°C) has on dexterous ability 
when performing tasks which take substantially longer to complete; for 
example, sending a text, interacting with a ‘walk-up and use’ product, 
browsing the internet on a mobile device. 
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7.4.3. Gathering dexterity data relevant to everyday scenarios 
Based on the limitations of Study 1 there is a need for future research to 
gather dexterity data that is generalisable to everyday situations, as it may be 
useful to give designers a "lesser worst case scenario / more real life 
scenarios" sense of older adults’ limits.  This could be achieved through 
getting older adults to complete dexterity tasks in everyday conditions in the 
real world.  Such a testing scenario would more closely replicate what would 
happen in real life situations (e.g. where people may wear gloves or keep their 
hands in their pockets).  Conducting multiple studies in varying contexts could 
ultimately create a look up table of contexts which designers could refer to 
when designing products.  For example, for product A, I want to allow for 
worst case cold hands scenario so I go to column 12, but for product B, I am 
confident people will be indoors and not very cold so I go to column 1. 
7.4.4. Context Calculator: Broadening of context capability data  
It would be extremely valuable to broaden the context capability data detailed 
within the resource, for example, to include data on vibration and dexterity, 
ambient noise and hearing etc.  The inclusion of additional context capability 
data will allow designers to make more informed decisions regarding the 
inclusive merit (accessibility and usability) of their proposed designs in 
everyday environments.  It would also provide designers with a singular 
design resource which encompasses all the necessary data and information 
on environmental context of use. 
7.4.5. Translating capability data 
Findings from this research have shown that the translation of capability data 
into a suitable form (i.e. highly visual, simple, intuitive, quick and easy to 
access etc.) for designers is essential for it to be considered and applied by 
them.  A number of research studies have already been undertaken to 
understand designers’ needs and requirements in relation to capability data; 
see for example Nickpour and Dong (2011).  However, the application of this 
knowledge to current and future older adult capability databases is essential if 
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products are to be designed in line with the capabilities of the ageing 
population. 
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Within appendix A1 are the verbal instructions that were given to each participants prior to 
performing each of the dexterity measures. 
 
PERDUE PEGBOARD  
Instructions taken from: Lafayette (2002) and Tiffin and Asher (1948) 
 
This is a test to see how quickly and accurately you can work with your hands.  Before you 
begin each test, you will be told what to do and then you will have an opportunity to practice.  
Be sure you understand exactly what to do. 
 
Right Hand (30 seconds) 
Pick up one pin at a time with your right hand from the right-handed cup.  Starting with the 
top hole, place each pin in the right-handed row.  
[(Leave the pin used for demonstration in the hole] 
Now you may insert a few pins for practice.  If during the testing time you drop a pin, do not 
stop to pick it up.  Simply continue by picking another pin out of the cup 
[When the participant has inserted three or four pins and appears to understand the 
operation, say:]  
Stop.  Now take out the practice pins and put them back into the right-handed cup 
[Correct any errors made in placing the pins and answer any questions.] 
When I say ‘Begin’, place as many pins as possible in the right-handed row, starting with the 
top hole.  Work as rapidly as you can, until I say ‘Stop. 
Are you ready?…Begin 
[At the end of exactly 30 seconds, say:] “Stop” 
Count the number of pins inserted and record the Right Hand score.  Leave the pins in 
the holes. 
 
 
 
Left Hand (30 seconds) 
Pick up one pin at a time with your left hand from the left-handed cup.  Place each pin in the 
left-handed row, starting with the top hole.  You may insert a few pins for practice 
[When the participant has inserted three or four pins and appears to understand the 
operation, say:] 
Stop.  Now take out the practice pins and put them back into the left-handed cup 
[After the participant completes this task, say:] 
When I say ‘Begin’, place as many pins as possible in the left-handed row, starting with the 
top hole.  Work as rapidly as you can, until I say ‘Stop.’ 
Are you ready?…Begin 
 At the end of exactly 30 seconds, say: “Stop” 
Count the number of pins inserted and record the Left Hand score.  
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Both Hands (30 seconds) 
For this part of the test you will use both hands at the same time.  Pick up a pin from the 
right-handed cup with your right hand, and at the same time pick up a pin from the left-
handed cup with your left hand.  Then place the pins down the rows.  Begin with the top hole 
of both rows.   
[Demonstrate.  Then replace the pins used for demonstration] 
Now you may insert a few pins with both hands for practice 
After the participant has three or four pairs of practice pins correctly inserted, say: 
Stop.  Take out the practice pins, and put them back in their cups. 
When I say ‘Begin’, place as many pins as possible with both hands, starting with the top 
hole of both rows.  Work as rapidly as you can, until I say ‘Stop.’ 
Are you ready?… 
Begin 
At the end of exactly 30 seconds, say: 
Stop 
Count the number of pairs of pins inserted (not the total number of pins) and record the 
score.  The participant then returns the pins to their proper cups. 
 
Power Grip 
Instructions taken from: TKK 5401 Grip D (Digital Grip) Dynamometer Instructions 
 
This test measures the strength of grip in your hand.  It is a simple test to do.  All you need to 
do is grip this machine by grasping these two black sections.   When I ask, you need to 
squeeze your grip as hard as possible and then release.  We will conduct this test a number 
of times. 
For all tests of hand grip strength you need to conduct the test, in the same stance and 
posture. 
The standardised posture for this test, is to stand upright, let your arm down naturally.  The 
screen will face away from you.  I will demonstrate. 
Ensure the 2 joints in the participants hand, when grasping the meter, are at right 
angles.  Adjust the meter accordingly. 
We are only going to measure the strength in your dominant hand, so take the meter in your 
dominant hand and adopt the standardised posture.  What I’d like you to do is have practice 
to make sure you get the posture correct, but only exert a small amount of force, this is not 
the real measure.   
Do you have any questions?  Before you start I just need to check that the meter is set to a 
suitable level for you. 
When I ask: squeeze the dynamometer as hard as you can.  We will repeat this three times. 
Start 
[Repeat 3 times] 
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Pinch grip 
Instructions taken from: Baseline hydraulic pinch gauge manual 
 
This is a test to measure the strength of your pinch grip.  All you need to do is grip this 
machine and then squeeze as hard as you can.   
This test will record the strength between your index finger and your thumb, like when 
holding a sewing needle. 
We’ll only be measuring your dominant hand, but before that I will demonstrate and explain 
the standardised posture for taking this test. 
First take the meter in your dominant hand, with your index finger on the button and your 
thumb underneath, like this.  Then curl your other fingers into your palm.  Then lower your 
arm to your side, then bend your elbow so that it is parallel to the floor, then turn your hand 
round so the dial is facing upwards.  OK? 
What I’d like you to do is have practice to make sure you get the posture correct, but only 
exert a small amount of force, this is not the real measure.   
Do you have any questions?  Now take the meter. 
Once you’re ready I will say GO and you need to squeeze the meter as hard as you can for a 
moment.  We will repeat this test three times.  . 
Are you ready?  Start [Repeat 3 times] 
 
Mobile phone 
Instructions developed from: Researchers understanding of process 
 Do you require glasses for reading? If so put them on. 
 Have you ever used a mobile phone before? 
 
This is a Nokia mobile phone.  Your task is to enter in an 11 digit number as quickly and as 
accurately as you can.  On the other side of this card is an example phone number.  Would 
you like to have a practice go entering this number?  If you make a mistake, don’t worry, just 
keep going. 
 
Show card 
Do you have any questions? 
 
For the next 2 goes you are going to be timed.  The task is exactly the same, but I’d like you 
to enter the number that is on the back of this card.  When I turn the card over and say GO, 
enter the 11 digit phone number into the device as quickly and accurately as you can.  As 
soon as you have finished please tell me by saying DONE. 
 
Do you understand? 
 
Are you ready? 
 
GO 
[repeat 2 times] 
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Secateurs 
Instructions developed from the researchers understanding of the process 
 
For this test, I need you to wear these safety glasses and stand up. 
This test requires you to stand in a standardised posture.  I will demonstrate this posture first, 
then I will verbally direct you into it. 
Take the secateurs in your dominant hand.  Initially start by holding them down at your side, 
in a grip that is ready to use them.  Then bring your arm up, so that it is parallel to the floor.  
This is the stance you need to maintain for this test. 
I will now hold out to you, different thicknesses of dowel.  On the dowel is a mark to show the 
area around where you need to cut.  When I say GO, using one hand only squeeze together 
the secateurs to cut the dowel.  We will repeat this procedure, with increasing thicknesses of 
dowel, until you cannot cut the dowel.  Please try and maintain the standard posture at all 
times and don’t strain.  Do you have any questions?  Ready?  GO  
 
Moberg Pick-up Test 
Instructions developed from: Amirjani et al. (2007) 
 
On this table are 12 randomly placed objects.  The aim of this test is to determine how fast 
you can pick up all these items, one at a time, and place them into this container.  [place the 
container on the opposite side to their dominant hand] 
This test is using your dominant hand only.  You need pick up each object one at a time and 
place them into this container.  You can pick up the objects in whichever order you want, but 
when picking them up you cannot slide them or use your fourth or fifth digits, i.e. your ring or 
little finger.  I will tell you when to start. 
Do you have any questions? 
Start [Repeat 2 times] 
 
Stylus task 
 
Instructions developed from: researchers understanding of process 
 Do you require glasses for reading? If so put them on. 
 Have you ever used a stylus and a touch screen before? 
 
Demonstration 
This device is called an i-paq, it is a handheld personal organizer.  It works by tapping the 
stylus on the relevant parts of the screen. 
 
This is the calculator part of the product.  This is used to make calculations.  It works by 
tapping the stylus on the numbers or symbols you require.  You have to make sure you tap 
the stylus firmly on the screen, like so. 
 
Demonstrate:   90812 + 6735 = 
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Your task will be to enter in a calculation using the stylus and touch screen as quickly and 
accurately as you can.  On the other side of this card is an example calculation.  Would you 
like to have a practice go?  If you make a mistake, don’t worry, just keep going. 
 
Show card 
 
Do you have any questions? 
 
For the next 2 goes you are going to be timed.  The task is exactly the same, but I’d like you 
to enter the calculation that is on the back of this card.  When I turn the card over and say 
GO, enter the calculation into the device as quickly and accurately as you can.  As soon as 
you have finished please tell me by saying DONE. 
 
Do you understand? 
 
Are you ready? 
GO 
 
i-pod touch task 
Instructions developed from researchers understanding of process 
 Do you require glasses for reading? If so put them on. 
 Have you ever used a touch screen before? 
 
Demonstration 
This device is called an i-pod touch.  It works by touching the relevant parts of the screen 
with your fingertips in order to operate it. 
 
This is the note book part of the product.  This is used to type notes or messages.  It works 
by touching the keys on the keypad part of the screen to enter in letters. 
 
Demonstrate with “Hello my name is eddy” 
 
Your task will be to enter in a short sentence using this touch screen as quickly and 
accurately as you can.  On the other side of this card is an example sentence.  Would you 
like to have a practice go? If you make a mistake, don’t worry, just keep going. 
 
 
Show card 
 
Do you have any questions? 
 
For the next 2 goes you are going to be timed.  The task is exactly the same, but I’d like you 
to enter the sentence that is on the back of this card.  When I turn the card over and say GO, 
enter the sentence into the device as quickly and accurately as you can.  As soon as you 
have finished please tell me by saying DONE. 
 
Do you understand? 
Are you ready? 
 
GO 
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ETHICAL ADVISORY COMMITTEE 
 
 
 
 
 
 
 
 
 
RESEARCH PROPOSAL 
FOR HUMAN BIOLOGICAL OR PSYCHOLOGICAL 
AND SOCIOLOGICAL INVESTIGATIONS 
This application should be completed after reading the University Code of Practice on 
Investigations Involving Human Participants  (found at 
http://www.lboro.ac.uk/admin/committees/ethical/ind-cophp.htm). 
 
1. Project Title 
Investigation into the effects of everyday cold temperatures on an older person’s (aged 65+) 
dexterity capabilities and the resultant impact on product interaction 
 
 
 
2. Brief lay summary of the proposal for the benefit of non-expert members of the 
Committee. 
This should include the scientific reasons for the research, the background to it and the why the 
area is important. 
 
The aim of this project is to explore the effects of everyday temperatures on the dexterity of older 
adults, with the ultimate aim of developing a concept for a design tool that will inform and educate 
designers on the capabilities and design requirements of older adults.  By addressing these 
objectives, this project can contribute to the broader research being undertaken as part of the 
EPSRC i~design 3 project, where the focus is to address the requirements of an ageing population 
across the world that wants to remain working and independent until later age. 
 
Participants will carry out dexterity tasks under two main conditions:  In a warm, comfortable 
temperature, and in a winter's day condition in the climatic chamber (Department of Human 
Sciences).  Testing will involve using the Perdue Pegboard or the Minnesota Rate of Manipulation 
Placing Test, followed by using a real product that requires a similar dextrous interaction to the 
dexterity tests  (e.g. a digital camera and/or a simulated control panel for a cash machine). Before 
each of the 2 temperature conditions, grip strength and local skin temperature on the hands will be 
recorded  in order to compare results between the warm and cold hands conditions.   Participants 
will be asked to bring warm clothing suitable for a winter’s day (~5 degrees centigrade), including 
coat, hat, scarf and warm shoes and additional warm clothing will be available if required, leaving 
only the hands exposed to the cold temperature.  Qualitative data will also be collected with a semi- 
structured interview about the use of products and technologies in different thermal environments. 
 
 
 
3. Details of responsible investigator (supervisor in case of student projects) 
Title: Mrs Forename: Colette Surname: Nicolle 
Department: ESRI 
Email Address: c.a.nicolle@lboro.ac.uk 
 
Personal experience of proposed procedures and/or methodologies 
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Colette Nicolle, Principal Investigator on the EPSRC i-design3 project, is a Research Fellow and 
Fellow of the Ergonomics Society, and is Internal Examiner for: HUC/P114, Disability, Ageing and 
Inclusive Design, in the Department of Human Sciences, and MPC019, Designing for Vulnerable 
Users, in Department of Materials, as well as lecturing on qualitative methods in Human Sciences. 
She has extensive experience, through both research and consultancy projects, in user 
requirements and evaluation methods and techniques in a range of application areas and with 
users who are older and disabled. 
 
4. Names, experience, department and email addresses of additional investigators 
 
 
Mr. Eddy Elton 
Department ESRI 
Email address: e.elton@lboro.ac.uk 
Personal experience of proposed procedures and/or methodologies. 
Eddy has 7 years research experience at Loughborough University 
HSE: Risk Recidivist (2002), home interviews, 50 participants all who had been part of server 
accidents 
Worlds Apart: Children’s inflatable toys (2003), user trials, 40 participants aged 5 and under 
HSE: Body-Size project (2004) anthropometric survey, 600 participants 
Equal project: Portland Virtual learning Environment (2005) user evaluations 40 severely disabled 
under 18’s 
EPSRC project: i-design (2006-2010) Focus groups and interviews with 20 older and disabled 
adults; Investigation into the effects everyday lighting levels have on a person’s (aged 65+) visual 
capabilities and the resultant impact on product interaction (See Proposal Reference No. R08-P95, 
date of clearance 1 August 2008). 
 
 
 
5. Proposed start and finish date and duration of project 
 
 
Start date: 1 June 09 Finish date: By November 09 Duration: Up to 5 months 
 
Start date for data-collection: Mid June 09 
 
NB. Data collection should not commence before EAC approval is granted. 
 
 
 
6. Location(s) of project 
 
 
The climatic chamber facility (Department of Human Sciences) in the James France Building. 
 
 
 
7. Reasons for undertaking the study (eg contract, student research) 
 
 
PhD project and contract with EPSRC 
 
 
 
8. Do any of the investigators stand to gain from a particular conclusion of the research 
project? 
 
 
No 
 
9a. Is the project being sponsored? Yes No 
If Yes, please state source of funds including contact name and address 
Engineering and Physical Sciences Resrach Council (EPSRC) 
 
9b. Is the project covered by the sponsors insurance? Yes No 
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If No, please confirm details of alternative cover (eg University cover). 
University cover 
 
 
 
10. Aims and objectives of project 
 
 
The aim of this project is to explore the effects of everyday temperatures on the dexterity of older 
adults, with the ultimate aim of developing a concept for a design tool that will inform and educate 
designers on the capabilities and design requirements of older adults.   This aim will be met 
through the following specific objectives: 
 
Determine the extent typical everyday cold temperatures affect manual dexterity in older adults 
between the ages of 65-85 
Determine the extent to which everyday cold temperatures impact on product interaction. 
Make inferences to the dexterity capabilities of the wider population of older adults. 
Translate the acquired knowledge into a conceptual, usable form that could be utilised by product 
designers within the design process. 
 
 
 
11a. Brief outline of project design and methodology 
It should be clear what each participant will have to do, how many times and in what order. 
 
The EPSRC i~design3 project runs for 4 years (from Oct 2006-Sept 2010) in collaboration with the 
Engineering Design Centre and Department of Psychiatry at the University of Cambridge, and the 
Royal College of Art Helen Hamlyn Centre.  Our current focus includes: conducting studies to build 
a richer picture of the extent to which context can exclude older and disabled people from using 
products and technologies, translating this knowledge into useful guidance for designers, and 
designing and developing a resource to raise designers' awareness and knowledge of context in 
relation to inclusive design. 
 
ESRI is investigating the effects the physical environmental context has on a user’s capabilities and 
what the subsequent effects are in relation to product interaction. The effect of different lighting 
levels was the first area of investigation (Proposal Reference No. R08-P95 ), and this second study 
on manual dexterity has the same overall aim. 
 
To undertake this research a random proportionate sample will be sought to ensure the best 
representation of dextrous limits of U.K. older adults between the ages of 65 and 75 (in Phase 1), 
and 65-85 (in Phase 2), in order to accurately generalise towards the wider U.K. population.  The 
sample will predominantly be supplied through the ESRI participant database, and previous 
participants from earlier studies 
 
An initial questionnaire will be administered over the phone to recruit and screen participants.  This 
will allow an understanding of their dextrous abilities, based on any medical conditions and 
subjective opinion. 
 
Participants will be met on campus and directed to a convenient parking space near the laboratory 
space.  So that they have sufficient time to ask any questions, they will receive the Participant 
Information beforehand, and this will explain the following procedures.  In addition they will be 
asked to bring warm clothing suitable for a winter’s day (~5 degrees centigrade), including coat, 
hat, scarf and warm shoes, but leaving their hands uncovered. 
 
On arrival, the investigator will go through the Participant Information form again (attached), and 
the participant will be asked to read and sign the Informed Consent (attached).  The investigator 
will also review the same questions asked on the telephone during recruitment and screening to 
ensure their fitness to take part in the study (also see section 13 of this proposal). This will enable 
the participant to highlight any conditions (such as arthritis or Reynaud’s syndrome) which might 
cause particular pain or discomfort.  It will be stressed (as noted in the Informed Consent) that they 
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are free to withdraw from the study at any stage for any reason, and they will be encouraged to do 
so if they are experiencing undue pain or discomfort. 
 
Warm, comfortable temperature condition: 
Local skin temperature on the hands will be recorded before testing. Grip strength will also be 
recorded in order to compare with the colder hands condition later.  The participant will then be 
given a dexterity test, using the Perdue Pegboard or the Minnesota Rate of Manipulation Placing 
Test.  Furthermore a real product that requires a similar dextrous interaction to the dexterity tests 
will be used to compare results with the test data (e.g. a digital camera and/or a simulated control 
panel for a cash machine). 
 
Winter’s day condition in climatic chamber: 
The participant will then be asked to dress for a winter’s day, and will be led into the climatic 
chamber, accompanied by the investigator, also dressed warmly.  Since it is expected to take 
approximately 30 minutes for temperature to affect performance, the investigator will use this time 
to conduct a semi-structured interview about use of products and technologies in different thermal 
environments.   Local skin temperature on the uncovered hands will be monitored and recorded 
before testing within the climatic chamber.  The Perdue Pegboard or the Minnesota Rate of 
Manipulation Placing Test will be administered again in the cold condition, and grip strength will 
also be measured again to compare with the earlier recording.  Furthermore a real product that 
requires a similar dextrous interaction to the dexterity tests will be used to compare results with the 
test data (e.g. a digital camera and/or a simulated control panel for a cash machine).  The 
participant will leave the climatic chamber and will be offered a cup of tea or coffee.  Participants 
will remain with the investigator until their hand skin temperature has returned to normal, as on 
arrival. 
 
11b. Measurements to be taken 
Please give details of all of the measurements and samples to be taken from each participant. 
 
Accuracy and speed of performing task using Perdue Pegboard or the Minnesota Rate of 
Manipulation Placing Test. 
Local skin temperature 
Grip strength 
 
12. Please indicate whether the proposed study: 
 
 
Involves taking bodily samples Yes No 
 
Involves procedures which are physically invasive (including the collection of body secretions by 
physically invasive methods) Yes No 
 
Is designed to be challenging (physically or psychologically in any way), or involves procedures 
which are likely to cause physical, psychological,  social or emotional distress to participants 
Yes No 
 
Involves intake of compounds additional to daily diet, or other dietary manipulation / 
supplementation Yes No 
 
Involves pharmaceutical drugs (please refer to published guidelines) Yes No 
 
Involves testing new equipment Yes No 
 
Involves procedures which may cause embarrassment to participants Yes No 
 
Involves collection of personal and/or potentially sensitive data Yes No 
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Involves use of radiation (Please refer to published guidelines. Investigators should contact the 
University’s Radiological Protection Officer before commencing any research which exposes 
participants to ionising radiation – e.g. x-rays) Yes No 
 
Involves use of hazardous materials (please refer to published guidelines) Yes No 
 
Assists/alters the process of conception in any way Yes No 
 
Involves methods of contraception 
 
Yes 
 
No 
 
Involves genetic engineering 
 
Yes 
 
No 
 
 
If Yes, please give specific details of the procedures to be used and arrangements to deal with 
adverse effects. 
 
 
 
 
13. Participant Information 
 
 
Number of participants to be recruited: 
Approximately 38 further participants 
Details of participants (gender, age, special interests etc): 
Participants will be aged 65+, both Male and Female. 
The majority will be retired 
 
How will participants be selected?  Please outline inclusion/exclusion criteria to be used: 
An initial questionnaire will be administered over the phone to recruit and screen participants.  This 
will allow an understanding of their dextrous abilities, based on any medical conditions and 
subjective opinion.  They will be told that the study will involve their staying in a cold winter's day 
environment for about 45 minutes, and they will be asked if there may be a medical condition that 
would advise against this. 
Exclusion criteria would have already been discussed with the participant when they were recruited 
for this study.  If they have had any previous health related problems resultant from exposure to 
cold conditions or are on medication, attending GP, or on a waiting list, we will wish to know, as this 
may have a possible effect on hand and skin blood flow, etc.   In case of doubt, we would ask the 
particpant to consult their GP. 
 
How will participants be recruited and approached? 
 
The sample will predominantly be supplied through the ESRI participant database and 
previous participants in earlier studies.  If further participants are required, they will be 
recruited through adverts in the local newspaper or through the local branch of the University 
of the Third Age. 
 
 
Please state demand on participants' time. 
 
The experiment will take no-longer than 1 hour 30 minutes. 
Participants will be recruited from the local area, travel time to and from the university is expected 
to be no greater than 20 minutes. 
 
 
 
14. Control Participants 
Will control participants be used? Yes No 
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If Yes, please answer the following: 
Number of control participants to be recruited: 
 
How will control participants be selected?  Please outline inclusion/exclusion criteria to be used. 
How will control participants be recruited and approached? 
Please state demand on control participants' time. 
 
 
 
 
15. Procedures for chaperoning and supervision of participants during the investigation 
 
 
One of the named investigators and the participant will be present in the actual room where the 
study takes place.  Another responsible adult (preferably an employee of the University) will also be 
close by in case there is an accident/emergency. 
 
 
 
16. Possible risks, discomforts and/or distress to participants 
 
 
Older participants falling ill - Another responsible adult, preferably a member of staff, will be close 
by at all times during the experiment.  If this were to occur, the investigator would stay with the 
participant and instruct the other person to call for assistance.  The participant will therefore not be 
left alone. 
 
Participants feeling pain or discomfort due to cooling of their hands - This may be experienced to a 
greater degree if the person has a condition such as arthiritis or Reynaud’s ("white finger") 
syndrome. It will be stressed (as noted in the Informed Consent) that they are free to withdraw 
from the study at any stage for any reason, and they will be encouraged to do so if they are 
experiencing undue pain or discomfort. 
 
Feeling tired -  If the participant reports they are beginning to get tired the experiment will stop until 
the participant feels OK to carry on, or to stop the test entirely. Care will be taken to avoid fatigue 
by ensuring a break when needed, and that maximum duration of the entire session is 1½ hours. 
 
 
 
17. Details of any payments to be made to the participants 
 
 
Participants will be paid £10 to cover any travel costs and expenses 
 
18. Is written consent to be obtained from participants? Yes No 
 
If yes, please attach a copy of the consent form to be used. 
 
If no, please justify. 
 
 
 
 
19. Will any of the participants be from one of the following vulnerable groups? 
 
Children under 18 years of age Yes No 
 
People over 65 years of age 
 
Yes 
 
No 
 
People with mental illness 
 
Yes 
 
No 
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Prisoners/other detained persons Yes No 
 
Other vulnerable groups (please specify ) 
 
Yes 
 
No 
 
 
If Yes, to any of the above, please answer the following questions: 
 
What special arrangements have been made to deal with the issues of consent? 
 
1)  Participants will be mainly recruited from ESRI's database and previous participants to our 
studies.  An initial questionnaire will be administered over the phone to recruit and screen 
participants.  This will allow an understanding of their dextrous abilities, based on any medical 
conditions and subjective opinion. 
 
2)  It will be stressed (as noted in the Informed Consent) that they are free to withdraw from the 
study at any stage for any reason, and they will be encouraged to do so if they are experiencing 
undue pain or discomfort. 
 
3) The investigator will make sure that the participant is able to get to and from the trials safely. If 
transport is a problem, it will be arranged to pick them up and take them home from the trial. They 
will be invited/encouraged to be accompanied by a friend or partner, and if so, that the 
accompanying person is aware of the duration of the study and has, for example, some reading 
material. 
 
4) They will be met at the main entrance and escorted to where the experiment is being conducted. 
They will also be escorted off campus. 
 
 
Have investigators obtained necessary police registration/clearance? (please provide details or 
indicate the reasons why this is not applicable to your study) 
 
Both Colette Nicolle and Eddy Elton have obtained a CRB check; and one or the other will always 
be present during the study. 
 
 
 
20. How will participants be informed of their right to withdraw from the study? 
 
 
When reading and signing the Informed Consent, and this will also orally be brought to their 
attention. 
 
 
21. Will the investigation include the use of any of the following?  
 
Observation of participants 
 
Audio recording 
 
Video recording 
 
Yes 
 
Yes 
 
Yes 
 
No 
 
No 
 
No 
 
 
If Yes, to any, please provide detail of how the recording will be stored, when the recordings will be 
destroyed and how confidentiality of data will be ensured? 
 
 
 
The information will be kept in a secure location. All of the raw data will be destroyed within 5 
years of the publication of the study. If the participant agrees to a video recording or 
photography being used within the project (to be agreed in the Informed Consent Form), then 
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the video or photographs may be incorporated within the design resource, but only with the 
explicit consent of the participant. 
The Committee’s guidelines on data collection and storage will be adhered to. 
 
 
 
22. What steps will be taken to safeguard anonymity of participants/confidentiality of 
personal data? 
 
 
All participants’ data will be recorded under a numbering system and any pictures taken will ensure 
anonymity. 
No participant’s personal details will be recorded on data sheets; therefore it will not be possible to 
identify data to participants’ personal details. 
 
 
 
 
 
23. Please give details of what steps have been taken to ensure that the collection and 
storage of data complies with the Data Protection Act 1998? 
Please see University guidance on Data Collection and Storage and Compliance with the Data Protection Act. 
 
Please see above answers - 21 and 22 
 
 
 
24. If human tissue samples are to be taken, please give details of and timeframe for the 
disposal of the tissue. 
Please note that this information should also be outlined on the Participant Information Sheet 
 
 
 
 
 
24. Insurance Cover 
It is the responsibility of investigators to ensure that there is appropriate insurance cover 
for the procedure/technique. 
 
The University maintains in force a Public Liability Policy, which indemnifies it against its legal 
liability for accidental injury to persons (other than its employees) and for accidental damage to the 
property of others. Any unavoidable injury or damage therefore falls outside the scope of the 
policy. 
 
Will any part of the investigation result in unavoidable injury or damage to participants or property? 
Yes No 
 
If Yes, please detail the alternative insurance cover arrangements and attach supporting 
documentation to this form. 
 
 
 
 
The University Insurance relates to claims arising out of all normal activities of the University, but 
Insurers require to be notified of anything of an unusual nature 
 
Is the investigation classed as normal activity? Yes No 
 
If No, please check with the University Insurers that the policy will cover the activity.  If the activity 
falls outside the scope of the policy, please detail alternative insurance cover arrangements and 
attach supporting documentation to this form. 
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25. Declaration 
I have read the University's Code of Practice on Investigations on Human 
Participants and have completed this application.  I confirm that the above named 
investigation complies with published codes of conduct, ethical principles and 
guidelines of professional bodies associated with my research discipline. 
I agree to provide the Ethical Advisory Committee with appropriate  feedback upon 
completion of my investigation. 
Signature of applicant .....................................................  
Signature of Head of Department:  
....................................................................  
Date: .................................................................... 
 
 
For all applications: 
Please ensure that you have attached copies of the following documents to your 
submission 
 
• Participant Information Sheet 
• Informed Consent Form 
 
In addition, please attach copies of the following documents if applicable. 
 
• Willingness to Participate Forms 
• Health Screen Questionnaire 
• Questionnaires and Example Interview Questions 
• Advertisement/Recruitment material 
• Evidence of consent from other Committees 
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7.5. LOUGHBOROUGH UNIVERSITY 
7.5.1. ETHICAL ADVISORY COMMITTEE 
7.6. RESEARCH PROPOSAL 
INVOLVING HUMAN PARTICIPANTS 
___________________________________________________________________ 
 
Title: 
 
Investigation into the effects of everyday cold 
temperatures on an older person's (aged 65+) 
dexterity capabilities and the resultant impact on 
product interaction 
Applicant: 
 
C Nicolle, E Elton 
Department:
  
 
ESRI 
Date of 
clearance: 
 
30 April 2009 
Comments of the Committee: 
 
The Committee agreed to issue clearance to proceed subject to the following 
conditions: 
• That confirmation was provided as to how long participants would be required 
to stay for observation on completion of the study session.  The Committee 
noted that it may be appropriate to ask participants to remain until their skin 
temperature had returned to a defined temperature. 
• That the Participant Information Sheet gave the temperatures in both degrees 
Centigrade and degrees Fahrenheit and did not use the tilde symbol (~) to 
refer to approximate temperatures. 
• That the Participant Information Sheet and associated advertisements 
referred to the participants being reimbursed for travel expenses and 
inconvenience rather than being paid. 
That the Participant Information Sheet stated that although the risks associated with 
the investigation are small, that appropriate Health and Safety procedures are in 
place and give details as to the First Aid protocols  
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Name/Number   ...............…….  
 
Health Screen Questionnaire for Study Volunteers 
As a volunteer participating in a research study, it is important that you are currently 
in good health and have had no significant medical problems in the past.  This is (i) to 
ensure your own continuing well-being and (ii) to avoid the possibility of individual 
health issues confounding study outcomes. 
 
Please complete this brief questionnaire to confirm your fitness to participate: 
 
1. At present, would you describe yourself as being in good health? Yes / No 
 
2. At present, do you have any health problem for which you are:   
  
a)  on medication, prescribed or otherwise................. Yes  No  
b)  attending your general practitioner........................ Yes  No  
c)  on a hospital waiting list........................................ Yes  No  
 Other info  
………………………………………………………………………………………………… 
………………………………………………………………………………………………… 
 
2. In the past two years, have you had any illness which required you to:  
a)  consult your GP................................................... Yes  No  
b)  attend a hospital outpatient department.............. Yes  No  
c)  be admitted to hospital  .. ................................... Yes  No  
Other info 
………………………………………………………………………………………………… 
………………………………………………………………………………………………… 
 
3. Do you have high blood pressure? 
 
3a.  If not sure, then go to question 4. 
Yes  No  
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3b  If you have high blood pressure, are you 
 taking any medication to control it?  
If Yes, then continue with question 4. 
If No, DO NOT participate. 
  
4. Have you ever had or have any of the following (exclude if answer yes to d, g, h 
or o): Additional Info 
a)  Convulsions or epilepsy  ................................... Yes  No  
b)  Asthma  ............................................................. Yes  No  
c)  Eczema  ............................................................ Yes  No  
d)  Diabetes  ........................................................... Yes  No  
e)  A blood disorder ................................................ Yes  No  
f)  Head Injury  ....................................................... Yes  No  
g)  Heart problems (inc. Angina/heart attack/stroke)  Yes  No  
h)  Problems with bones or joints (inc. Arthritis)  ..... Yes  No  
i)  Disturbance of balance/coordination  ................ Yes  No  
j)  Numbness in hands or feet  ............................... Yes  No  
k)  Disturbance of Vision  ....................................... Yes  No  
l)  Ear/Hearing problems  ...................................... Yes  No  
m)  Thyroid Problems  ............................................. Yes  No  
n)  Kidney or liver problems  ................................... Yes  No  
o)  Hypertension (on medication/resting BP?)  ....... Yes  No  
 
 
  
Yes  No  
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5. Specific to COLD exposure, have you ever had/have: 
a)  
Any previous cold related injury (i.e. frostbite, 
frostnip or trench foot)?  .................................... Yes 
 No  
b)  
Any previous cold related illness (i.e. 
hypothermia)?  .................................................. Yes 
 No  
c)  
Any problems that are exacerbated due to cold 
exposure? (eg, Reynaud’s Syndrome, Chilblains, 
arthritis)  ............................................................ 
Yes  No  
d)  If YES, is it severe enough to cause you pain on a cold winter’s day (approx 5oC) Yes 
 No  
e)  Any other condition that is exacerbated due to cold exposure?  ........................................................ Yes 
 No  
 
6. Allergy Information 
a)  are you allergic to plasters?  ..............................  Yes  No  
 
Any additional information: 
………………………………………………………………………………………… 
………………………………………………………………………………………… 
Exclude anyone with: 
Painful or severe arthritis or Reynaud’s syndrome. 
High blood pressure, even if on anti-hypertensive medication, and who has had 
a heart attack or has any other diagnosed condition, in particular, diabetes 
 
7. Please provide contact details of a suitable person for us to contact in 
the event of any incident or emergency. 
Name:………………………………………………………………………………………
……. 
Telephone 
Number:………………………………………………………………………………. 
Work  Home  Mobile  
Relationship to 
Participant:………………………………………………………................. 
 
8.  Are you currently involved in any other research studies at the 
University? 
 Yes  No  
If yes, please provide details of the study 
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Participant Information Sheet and Consent 
Form 
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Participant Information Sheet 
 
What is the purpose of the study? 
This study is looking into what effect(s) everyday cold temperatures (5°C) have on 
your ability to use your hands.  In particular, we are interested in whether it affects 
your ability to manipulate everyday products. 
 
What do I need to bring with me? 
Please bring with you clothing that you would typically wear on a winter’s day when 
the temperature is 5°C/ 41°F.  You do not need to arrive in this clothing, just dress for 
the weather of the day and bring the additional clothing with you.  Also, you do NOT 
need to bring any gloves.   
 
What will it involve? 
The investigation involves you doing a number of simple tasks with your hands e.g. 
picking up coins, entering numbers into a mobile phone etc.  You will do all the tasks 
in 2 different conditions: once in a room at a comfortable temperature and once in the 
cold room which will be cooled to 5°C.  Before entering the cold room you will be 
asked to put on your winter clothing.  You will spend a total of 40 minutes in the cold 
room.  This will involve 20 minutes cooling time and 20 minutes doing the tasks. Over 
the course of the study, we will be monitoring your hand skin temperature, your blood 
pressure (measured on your wrist) and your subjective response to the cold.  Also, 
during the investigation you will be asked a few questions about the types of products 
you use when outdoors.  You are free to withdraw from the study at any time, no 
reason is necessary. 
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How long will it take? 
The whole session should be finished in no more than 1½ hours and you will receive 
£10 for your travel expenses. 
Is your health suitable for this study? 
You completed a health screening questionnaire over the phone.  From your answers 
you are a suitable candidate for this study and you do NOT suffer from the following:  
• painful or severe arthritis or Reynaud’s syndrome (which would be 
exacerbated by the cold) 
• high blood pressure, and you are not taking anti-hypertensive medication 
• have had a heart attack or any other diagnosed condition, e.g. diabetes  
 
Are there any risks in participating? 
Another responsible adult, preferably a member of staff, will be close by at all times 
during the experiment.  If you were to feel ill, and this is very unlikely due to the 
experiment, the investigator would stay with you and instruct the other person to call 
for assistance.  You would therefore not be left alone. Although the risks associated 
with the investigation are small, appropriate Health and Safety procedures are 
always in place.  If you experience pain or discomfort due to for example mild arthritis 
or Reynaud’s ("white finger") syndrome, you are free to withdraw from the study at 
any stage for any reason, and you will be encouraged to do so if you are 
experiencing undue pain or discomfort.  If you report that you are very tired and want 
to stop, the experiment will stop until you feel OK to carry on, or we will stop the test 
entirely. Care will be taken to avoid fatigue by ensuring a break when needed, and 
that maximum duration of the entire session is 1½ hours. 
 
If I have some more questions who should I contact? 
If you have any questions either now or later, please contact me at 
e.elton@lboro.ac.uk or on (01509) 226921.  You can also contact my manager 
Colette Nicolle at c.a.nicolle@lboro.ac.uk  or on (01509) 226973.  
 
What if I am not happy with how the research was conducted? 
The University has a policy relating to Research Misconduct and Whistle Blowing 
which is available online at 
http://www.lboro.ac.uk/admin/committees/ethical/Whistleblowing(2).htm.   
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Consent Form 
 
Investigation into the effects of everyday cold temperatures on hand use 
 
Eddy Elton,   e.elton@lboro.ac.uk (Tel 0509 226921) 
Colette Nicolle,  c.a.nicolle@lboro.ac.uk (Tel 01509 226973) 
  
I confirm that I have read and understood the information 
sheet.  I have had the opportunity to consider the information, 
ask questions and have had these answered satisfactorily. 
 
 
I understand that my participation is voluntary and that I am 
free to withdraw at any time, without giving a reason and 
without my professional or legal rights being affected. 
 
I understand that the test results and my verbal responses 
throughout the testing may be used in publications and 
presentations.  Your identity will be kept anonymous.  
 
I understand that the discussion will be confidential and I 
agree to maintain the confidentiality of the views of the other 
participants [if applicable]. 
 
I understand that the data (including video and audio 
recordings and photographs) will not be available to me after 
the study. 
I agree to video/audio/photographs being taken during the 
study and that these may be used in publications and 
presentations as long as they are treated anonymously. 
 
  
I agree to take part in the above study. 
Signature 
(Participant)…………………………………………… 
 
 
Date………….. 
NAME (BLOCK CAPITALS)…………………………………………………………  
I have explained the study to the above participant and they have indicated  
their willingness to take part. 
 
Signature 
(Researcher)……………………………………………. 
 
Date………….. 
NAME (BLOCK CAPITALS)…………………………………………………………….  
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Identification of outliers 
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Purdue Pegboard 
 
 
Power and Pinch Grip 
 
 
Moberg pick-up test, mobile phone task, stylus task and touch screen task 
boxplots (note: all tasks were timed completion tasks) 
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Secateurs 
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Appendix A5:  
Descriptive statistics, skew calculations 
and histograms for dexterity measures 
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Purdue Pegboard: Thermo-neutral 
Code 
FREQUENCIES VARIABLES=PP_Total_neutral 
  /NTILES=4 
  /STATISTICS=STDDEV MEAN MEDIAN MODE SKEWNESS SESKEW 
  /HISTOGRAM NORMAL 
  /ORDER=ANALYSIS. 
 
Statistics 
Total thermo-neutral number of pins 
N Valid 31 
Missing 0 
Mean 36.68 
Median 36.00 
Mode 33 
Std. Deviation 4.707 
Skewness -.408 
Std. Error of Skewness .421 
Percentiles 25 33.00 
50 36.00 
75 40.00 
 
Significant Skewness calculation 
-0.408/0.421 = -0.97(<1.96, not significantly skewed) 
 
Histogram  
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Purdue Pegboard: Cold 
Code 
FREQUENCIES VARIABLES=PP_Total_cold 
  /NTILES=4 
  /STATISTICS=STDDEV MEAN MEDIAN MODE SKEWNESS SESKEW 
  /HISTOGRAM NORMAL 
  /ORDER=ANALYSIS. 
 
Statistics 
Total COLD number of pins  
N Valid 31 
Missing 0 
Mean 33.87 
Median 34.00 
Mode 36 
Std. Deviation 3.603 
Skewness -.208 
Std. Error of Skewness .421 
Percentiles 25 31.00 
50 34.00 
75 36.00 
 
Significant Skewness calculation 
-0.208/0.421 = -0.49 (<1.96, not significantly skewed) 
 
Histogram 
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Power Grip: Thermo-neutral 
Code 
FREQUENCIES VARIABLES=Power_Grip_Neutral 
  /NTILES=4 
  /STATISTICS=STDDEV MEAN MEDIAN MODE SKEWNESS SESKEW 
  /HISTOGRAM NORMAL 
  /ORDER=ANALYSIS. 
 
Statistics 
Power grip thermo-neutral average 
N Valid 14 
Missing 17 
Mean 29.7452 
Median 30.3000 
Mode 14.23a 
Std. Deviation 11.28783 
Skewness .301 
Std. Error of Skewness .597 
Percentiles 25 19.5250 
50 30.3000 
75 36.2083 
a. Multiple modes exist. The smallest value is shown 
 
Significant Skewness calculation 
0.301/0.597 = 0.5 (<1.96, not significantly skewed) 
 
Histogram 
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Power Grip: Cold 
 
Code 
FREQUENCIES VARIABLES=Power_Grip_Cold 
  /NTILES=4 
  /STATISTICS=STDDEV MEAN MEDIAN MODE SKEWNESS SESKEW 
  /HISTOGRAM NORMAL 
  /ORDER=ANALYSIS. 
 
Statistics 
Power grip COLD 
N Valid 14 
Missing 17 
Mean 28.8690 
Median 26.7167 
Mode 15.00a 
Std. Deviation 11.13909 
Skewness .800 
Std. Error of Skewness .597 
Percentiles 25 20.4083 
50 26.7167 
75 35.3917 
a. Multiple modes exist. The smallest value is shown 
 
Significant Skewness calculation 
0.8/0.597 = 1.34 (<1.96, not significantly skewed) 
 
Histogram 
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Pinch Grip: Thermo-neutral 
 
Code 
FREQUENCIES VARIABLES=Pinch_Grip_Neutral 
  /NTILES=4 
  /STATISTICS=STDDEV MEAN MEDIAN MODE SKEWNESS SESKEW 
  /HISTOGRAM NORMAL 
  /ORDER=ANALYSIS. 
 
Statistics 
Pinch grip thermo-neutral 
N Valid 14 
Missing 17 
Mean 5.7500 
Median 5.6667 
Mode 4.50a 
Std. Deviation 1.63659 
Skewness .436 
Std. Error of Skewness .597 
Percentiles 25 4.5000 
50 5.6667 
75 6.7083 
a. Multiple modes exist. The smallest value is shown 
 
Significant Skewness calculation 
0.436/0.597 = 0.73 (<1.96, not significantly skewed) 
 
Histogram  
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Pinch Grip: Cold 
 
Code 
FREQUENCIES VARIABLES=Pinch_Grip_Cold 
  /NTILES=4 
  /STATISTICS=STDDEV MEAN MEDIAN MODE SKEWNESS SESKEW 
  /HISTOGRAM NORMAL 
  /ORDER=ANALYSIS. 
 
Statistics 
Pinch grip COLD average 
N Valid 14 
Missing 17 
Mean 5.5238 
Median 5.5417 
Mode 4.17 
Std. Deviation 1.53082 
Skewness .669 
Std. Error of Skewness .597 
Percentiles 25 4.1667 
50 5.5417 
75 6.5833 
 
Significant Skewness calculation 
0.669/0.597 = 1.12 (<1.96, not significantly skewed) 
 
Histogram 
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Mobile Phone: Thermo-neutral 
Code 
FREQUENCIES VARIABLES=Mobile_Phone__thermo 
  /PERCENTILES=25.0 50.0 75.0 
  /STATISTICS=STDDEV MEAN MEDIAN MODE SKEWNESS SESKEW 
  /HISTOGRAM NORMAL 
  /ORDER=ANALYSIS. 
 
Statistics 
Mobile phone NEUTRAL time (secs) 
N Valid 30 
Missing 1 
Mean 11.2045 
Median 10.8600 
Mode 17.60 
Std. Deviation 2.61772 
Skewness .703 
Std. Error of Skewness .427 
Percentiles 25 9.1638 
50 10.8600 
75 12.4775 
 
Significant Skewness calculation 
0.703/0.427 = 1.65 (<1.96, not significantly skewed) 
 
Histogram 
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Mobile Phone: Cold 
Code 
FREQUENCIES VARIABLES=Mobile_Phone_cold 
  /PERCENTILES=25.0 50.0 75.0 
  /STATISTICS=STDDEV MEAN MEDIAN MODE SKEWNESS SESKEW 
  /HISTOGRAM NORMAL 
  /ORDER=ANALYSIS. 
 
Statistics 
Mobile phone COLD average time (secs) 
N Valid 30 
Missing 1 
Mean 11.9430 
Median 11.4800 
Mode 7.23a 
Std. Deviation 2.73908 
Skewness .616 
Std. Error of Skewness .427 
Percentiles 25 10.2388 
50 11.4800 
75 13.8225 
a. Multiple modes exist. The smallest value is shown 
 
Significant Skewness calculation 
0.616/0.427 = 1.44 (<1.96, not significantly skewed) 
 
Histogram 
 
 
Appendices 
 
Moberg Pick-up test: Thermo-neutral 
 
Code 
FREQUENCIES VARIABLES=Pickup_average_thermo-neutral 
  /NTILES=4 
  /STATISTICS=STDDEV MEAN MEDIAN MODE SKEWNESS SESKEW 
  /HISTOGRAM NORMAL 
  /ORDER=ANALYSIS. 
 
Statistics 
Pick-up test WARM average time over 2 attempts  
N Valid 30 
Missing 1 
Mean 13.7340 
Median 12.9125 
Mode 10.53a 
Std. Deviation 2.02423 
Skewness .820 
Std. Error of Skewness .427 
Percentiles 25 12.2338 
50 12.9125 
75 14.9400 
a. Multiple modes exist. The smallest value is shown 
 
Significant Skewness calculation 
0.820/0.427 = 1.92 (<1.96, not significantly skewed) 
 
Histogram 
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Moberg Pick-up test: Cold 
 
Code 
FREQUENCIES VARIABLES=PIckup_average_cold 
  /NTILES=4 
  /STATISTICS=STDDEV MEAN MEDIAN MODE SKEWNESS SESKEW 
  /HISTOGRAM NORMAL 
  /ORDER=ANALYSIS. 
 
Statistics 
Pick-up test COLD average time over 2 attempts 
N Valid 29 
Missing 2 
Mean 14.8609 
Median 14.7000 
Mode 16.17 
Std. Deviation 1.68380 
Skewness -.195 
Std. Error of Skewness .434 
Percentiles 25 13.8800 
50 14.7000 
75 16.1775 
 
Significant Skewness calculation 
-0.195/0.434 = -0.45 (<1.96, not significantly skewed) 
 
Histogram 
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Stylus task: Thermo-neutral 
Code 
FREQUENCIES VARIABLES=Stylus_average_thermo 
  /NTILES=4 
  /STATISTICS=STDDEV MEAN MEDIAN MODE SKEWNESS SESKEW 
  /HISTOGRAM NORMAL 
  /ORDER=ANALYSIS. 
 
Statistics 
Stylus task Thermo-neutral average (secs) 
N Valid 17 
Missing 14 
Mean 11.6300 
Median 11.3900 
Mode 10.42 
Std. Deviation 2.39357 
Skewness -.014 
Std. Error of Skewness .550 
Percentiles 25 10.0250 
50 11.3900 
75 13.8000 
 
Significant Skewness calculation 
-0.014/0.55 = -0.025 (<1.96, not significantly skewed) 
 
Histogram 
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Stylus task: Cold 
Code 
FREQUENCIES VARIABLES=Stylus_cold 
  /PERCENTILES=25.0 50.0 75.0 
  /STATISTICS=STDDEV MEAN MEDIAN MODE SKEWNESS SESKEW 
  /HISTOGRAM NORMAL 
  /ORDER=ANALYSIS. 
 
Statistics 
Stylus COLD average (secs) 
N Valid 17 
Missing 14 
Mean 11.5865 
Median 11.8500 
Mode 6.80a 
Std. Deviation 1.81123 
Skewness -.957 
Std. Error of Skewness .550 
Percentiles 25 10.3200 
50 11.8500 
75 12.8900 
a. Multiple modes exist. The smallest value is shown 
 
Significant Skewness calculation 
-0.957/0.55 = 1.74 (<1.96, not significantly skewed) 
 
Histogram 
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Touch Screen task: thermo-neutral 
Code 
FREQUENCIES VARIABLES=Touch_Screen_thermo 
  /PERCENTILES=25.0 50.0 75.0 
  /STATISTICS=STDDEV MEAN MEDIAN MODE SKEWNESS SESKEW 
  /HISTOGRAM NORMAL 
  /ORDER=ANALYSIS. 
 
Statistics 
Touch NEUTRAL 
N Valid 17 
Missing 14 
Mean 16.0729 
Median 15.6200 
Mode 7.84a 
Std. Deviation 3.90215 
Skewness .413 
Std. Error of Skewness .550 
Percentiles 25 14.1900 
50 15.6200 
75 18.0200 
a. Multiple modes exist. The smallest value is shown 
 
Significant Skewness calculation 
0.413/0.55 = 0.75 (<1.96, not significantly skewed) 
 
Histogram 
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Touch Screen task: Cold 
Code 
FREQUENCIES VARIABLES=Touch_average_cold 
  /NTILES=4 
  /STATISTICS=STDDEV MEAN MEDIAN MODE SKEWNESS SESKEW 
  /HISTOGRAM NORMAL 
  /ORDER=ANALYSIS. 
 
Statistics 
Touch COLD average (secs) 
N Valid 17 
Missing 14 
Mean 16.4724 
Median 16.0200 
Mode 9.22a 
Std. Deviation 3.59265 
Skewness .018 
Std. Error of Skewness .550 
Percentiles 25 14.1850 
50 16.0200 
75 18.7250 
a. Multiple modes exist. The smallest value is shown 
 
Significant Skewness calculation 
0.018/0.55 = 0.03 (<1.96, not significantly skewed) 
 
Histogram 
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Appendix A6:  
Paired comparisons results tables RQ1: To 
what extent will an everyday cold temperature 
of 5°C affect the fine finger dexterity and grip 
strength of older adults? 
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Purdue Pegboard 
Code 
T-TEST PAIRS=Purdue_Pegboard_thermo WITH 
Purdue_Pegboard_cold (PAIRED) 
  /CRITERIA=CI(.9500) 
  /MISSING=ANALYSIS. 
 
Results tables 
 
Paired Samples Statistics 
 Mean N Std. Deviation Std. Error Mean 
Pair 1 Total NEUTRAL number of 
pins 
36.68 31 4.707 .845 
Total COLD number of pins  33.87 31 3.603 .647 
 
 
Paired Samples Correlations 
 N Correlation Sig. 
Pair 1 Total NEUTRAL number of 
pins & Total COLD number 
of pins  
31 .746 .000 
 
 
Paired Samples Test 
 
Paired Differences 
t df 
Sig. (2-
tailed) Mean 
Std. 
Deviation 
Std. 
Error 
Mean 
95% Confidence 
Interval of the 
Difference 
Lower Upper 
Pair 1 Total 
NEUTRAL 
number of pins 
- Total COLD 
number of pins  
2.806 3.135 .563 1.657 3.956 4.984 30 .000 
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Power Grip 
Code 
T-TEST PAIRS=Power_Grip_thermo WITH Power_Grip_cold (PAIRED) 
  /CRITERIA=CI(.9500) 
  /MISSING=ANALYSIS. 
 
Results tables 
 
Paired Samples Statistics 
 Mean N Std. Deviation Std. Error Mean 
Pair 1 Power grip NEUTRAL 
average 
29.7452 14 11.28783 3.01680 
Power grip COLD 28.8690 14 11.13909 2.97705 
 
 
Paired Samples Correlations 
 N Correlation Sig. 
Pair 1 Power grip NEUTRAL 
average & Power grip COLD 
14 .973 .000 
 
 
Paired Samples Test 
 
Paired Differences 
t df 
Sig. (2-
tailed) Mean 
Std. 
Deviation 
Std. Error 
Mean 
95% Confidence 
Interval of the 
Difference 
Lower Upper 
Pair 1 Power grip 
NEUTRAL 
average - 
Power grip 
COLD 
.87619 2.58716 .69145 -.61759 2.36997 1.267 13 .227 
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Pinch Grip 
Code 
T-TEST PAIRS=Pinch_Grip_thermo WITH Pinch_Grip_cold (PAIRED) 
  /CRITERIA=CI(.9500) 
  /MISSING=ANALYSIS. 
 
Results tables 
 
Paired Samples Statistics 
 Mean N Std. Deviation Std. Error Mean 
Pair 1 Pinch grip NEUTRAL 
average 
5.7500 14 1.63659 .43740 
Pinch grip COLD average 5.5238 14 1.53082 .40913 
 
 
Paired Samples Correlations 
 N Correlation Sig. 
Pair 1 Pinch grip NEUTRAL 
average & Pinch grip COLD 
average 
14 .928 .000 
 
 
Paired Samples Test 
 
Paired Differences 
t df 
Sig. (2-
tailed) Mean 
Std. 
Deviation 
Std. Error 
Mean 
95% Confidence 
Interval of the 
Difference 
Lower Upper 
Pair 1 Pinch grip 
NEUTRAL 
average - Pinch 
grip COLD 
average 
.22619 .61013 .16306 -.12609 .57847 1.387 13 .189 
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Mobile phone 
Code 
T-TEST PAIRS=Mobile_Phone__thermo WITH Mobile_Phone_cold (PAIRED) 
  /CRITERIA=CI(.9500) 
  /MISSING=ANALYSIS. 
 
Results tables 
 
Paired Samples Statistics 
 Mean N Std. Deviation Std. Error Mean 
Pair 1 Mobile phone NEUTRAL 
average time (secs) 
11.2045 30 2.61772 .47793 
Mobile phone COLD average 
time (secs) 
11.9430 30 2.73908 .50009 
 
 
Paired Samples Correlations 
 N Correlation Sig. 
Pair 1 Mobile phone NEUTRAL 
average time (secs) & Mobile 
phone COLD average time 
(secs) 
30 .772 .000 
 
 
 
Paired Samples Test 
 
Paired Differences 
t df 
Sig. (2-
tailed) Mean 
Std. 
Deviation 
Std. 
Error 
Mean 
95% Confidence 
Interval of the 
Difference 
Lower Upper 
Pair 1 Mobile phone 
NEUTRAL 
average time 
(secs) - Mobile 
phone COLD 
average time 
(secs) 
-.73850 1.81282 .33097 -1.41542 -.06158 -2.231 29 .034 
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Secateurs task 
Code 
 
NPAR TESTS 
  /WILCOXON=Secateurs_thermo WITH Secateurs_cold (PAIRED) 
  /MISSING ANALYSIS. 
 
 
Results tables: Wilcoxon Signed Ranks Test 
 
Ranks 
 N Mean Rank Sum of Ranks 
Secateurs COLD (kgs) - 
Secateurs NEUTRAL (kgs) 
Negative Ranks 2a 1.50 3.00 
Positive Ranks 0b .00 .00 
Ties 12c   
Total 14   
a. Secateurs COLD (kgs) < Secateurs NEUTRAL (kgs) 
b. Secateurs COLD (kgs) > Secateurs NEUTRAL (kgs) 
c. Secateurs COLD (kgs) = Secateurs NEUTRAL (kgs) 
 
 
Test Statisticsb 
 
Secateurs COLD 
(kgs) - 
Secateurs 
NEUTRAL (kgs) 
Z -1.414a 
Asymp. Sig. (2-tailed) .157 
a. Based on positive ranks. 
b. Wilcoxon Signed Ranks Test 
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Moberg Pick-up Test 
 
Code 
 
T-TEST PAIRS=Moberg_thermo WITH Moberg_cold (PAIRED) 
  /CRITERIA=CI(.9500) 
  /MISSING=ANALYSIS. 
 
Results tables 
 
Paired Samples Statistics 
 Mean N Std. Deviation Std. Error Mean 
Pair 1 Pick-up test NEUTRAL 
average time 
13.7340 30 2.02423 .36957 
Pick-up test COLD average 
time  
15.0155 30 1.85871 .33935 
 
 
Paired Samples Correlations 
 N Correlation Sig. 
Pair 1 Pick-up test NEUTRAL 
average time & Pick-up test 
COLD average time  
30 .595 .001 
 
 
Paired Samples Test 
 
Paired Differences 
t df 
Sig. (2-
tailed) Mean 
Std. 
Deviation 
Std. Error 
Mean 
95% Confidence 
Interval of the 
Difference 
Lower Upper 
Pair 1 Pick-up test 
NEUTRAL 
average time 
- Pick-up test 
COLD 
average time  
-
1.28150 
1.75403 .32024 -1.93647 -.62653 -4.002 29 .000 
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Stylus task 
 
Code 
T-TEST PAIRS=Stylus_thermo WITH Stylus_cold (PAIRED) 
  /CRITERIA=CI(.9500) 
  /MISSING=ANALYSIS. 
 
Results tables 
 
Paired Samples Statistics 
 Mean N Std. Deviation Std. Error Mean 
Pair 1 Stylus NEUTRAL average 
(secs) 
11.6300 17 2.39357 .58053 
Stylus COLD average (secs) 11.5865 17 1.81123 .43929 
 
 
Paired Samples Correlations 
 N Correlation Sig. 
Pair 1 Stylus NEUTRAL average 
(secs) & Stylus COLD 
average (secs) 
17 .771 .000 
 
Paired Samples Test 
 
Paired Differences 
t df 
Sig. (2-
tailed) Mean 
Std. 
Deviation 
Std. Error 
Mean 
95% Confidence 
Interval of the 
Difference 
Lower Upper 
Pair 1 Stylus NEUTRAL 
average (secs) - 
Stylus COLD 
average (secs) 
.04353 1.52458 .36976 -.74034 .82739 .118 16 .908 
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Touch Screen task 
 
Code 
T-TEST PAIRS=Touch_Screen_thermo WITH Touch_Screen_cold (PAIRED) 
  /CRITERIA=CI(.9500) 
  /MISSING=ANALYSIS. 
 
Paired Samples Statistics 
 Mean N Std. Deviation Std. Error Mean 
Pair 1 Touch NEUTRAL 16.0729 17 3.90215 .94641 
Touch COLD  16.4724 17 3.59265 .87135 
 
 
Paired Samples Correlations 
 N Correlation Sig. 
Pair 1 Touch NEUTRAL & Touch 
COLD  
17 .822 .000 
 
 
Paired Samples Test 
 
Paired Differences 
t df 
Sig. (2-
tailed) Mean 
Std. 
Deviation 
Std. Error 
Mean 
95% Confidence 
Interval of the 
Difference 
Lower Upper 
Pair 1 Touch 
NEUTRAL - 
Touch COLD  
-.39941 2.25689 .54738 -
1.55980 
.76097 -.730 16 .476 
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Appendix A7:  
Scatter plots and correlation results tables 
  
Appendices 
 
Thermo-neutral scatter plots and correlation tables 
Scatter plot: Purdue Pegboard – Mobile phone 
 
Correlation results table  
Correlations 
 Total WARM number of 
pins 
Mobile phone 
WARM 
average time 
(secs) 
Total WARM number of 
pins 
Pearson Correlation 1 -.469** 
Sig. (2-tailed)  .009 
N 31 30 
Mobile phone WARM 
average time (secs) 
Pearson Correlation -.469** 1 
Sig. (2-tailed) .009  
N 30 30 
**. Correlation is significant at the 0.01 level (2-tailed). 
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Scatter plot: Purdue Pegboard – Stylus 
 
Correlation results table  
 
 
Total WARM 
number of 
pins 
Stylus WARM 
average 
(secs) 
Total WARM number of 
pins 
Pearson Correlation 1 -.228 
Sig. (2-tailed)  .379 
N 31 17 
Stylus WARM average 
(secs) 
Pearson Correlation -.228 1 
Sig. (2-tailed) .379  
N 17 17 
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Scatter plot: Purdue Pegboard – Touch Screen 
 
Correlation results table  
 
 
Total WARM 
number of 
pins 
Touch WARM 
average 
Total WARM number of 
pins 
Pearson Correlation 1 -.355 
Sig. (2-tailed)  .162 
N 31 17 
Touch WARM average Pearson Correlation -.355 1 
Sig. (2-tailed) .162  
N 17 17 
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Scatter plot: Purdue Pegboard - Moberg Pick-up Test  
 
 
Correlation results table  
 Pick-up test 
NEUTRAL 
average time 
Total 
NEUTRAL 
number of 
pins 
Pick-up test NEUTRAL 
average time 
Pearson Correlation 1 -.518** 
Sig. (2-tailed)  .003 
N 30 30 
Total NEUTRAL number 
of pins 
Pearson Correlation -.518** 1 
Sig. (2-tailed) .003  
N 30 31 
**. Correlation is significant at the 0.01 level (2-tailed). 
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Scatter plot: Pinch Grip - Moberg Pick-up Test  
 
Correlation results table  
 
Pick-up test 
NEUTRAL 
average time 
Pinch grip 
NEUTRAL 
average 
Pick-up test NEUTRAL 
average time 
Pearson Correlation 1 -.201 
Sig. (2-tailed)  .491 
N 30 14 
Pinch grip NEUTRAL 
average 
Pearson Correlation -.201 1 
Sig. (2-tailed) .491  
N 14 14 
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Scatter plot: Power Grip – Secateurs 
 
Correlation table 
 
Power grip 
NEUTRAL 
average 
Secateurs 
NEUTRAL 
(kgs) 
Spearman's 
rho 
Power grip NEUTRAL 
average 
Correlation 
Coefficient 
1.000 .678** 
Sig. (2-tailed) . .008 
N 14 14 
Secateurs NEUTRAL 
(kgs) 
Correlation 
Coefficient 
.678** 1.000 
Sig. (2-tailed) .008 . 
N 14 14 
**. Correlation is significant at the 0.01 level (2-tailed). 
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Scatter plot: Pinch Grip – Secateurs 
 
Correlation table 
 
Pinch grip 
NEUTRAL 
average 
Secateurs 
NEUTRAL 
(kgs) 
Spearman's 
rho 
Pinch grip NEUTRAL 
average 
Correlation 
Coefficient 
1.000 .792** 
Sig. (2-tailed) . .001 
N 14 14 
Secateurs NEUTRAL 
(kgs) 
Correlation 
Coefficient 
.792** 1.000 
Sig. (2-tailed) .001 . 
N 14 14 
**. Correlation is significant at the 0.01 level (2-tailed). 
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Cold scatter plots and correlations: checking for outliers 
Scatter plot: Purdue Pegboard – Mobile phone 
 
 
Correlation table 
 Total COLD 
number of 
pins  
Mobile phone 
COLD 
average time 
(secs) 
Total COLD number of 
pins  
Pearson Correlation 1 -.423* 
Sig. (2-tailed)  .018 
N 31 31 
Mobile phone COLD 
average time (secs) 
Pearson Correlation -.423* 1 
Sig. (2-tailed) .018  
N 31 31 
*. Correlation is significant at the 0.05 level (2-tailed). 
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Scatter plot: Purdue Pegboard – Stylus 
 
 
Correlation table 
 
Total COLD 
number of 
pins  
Stylus COLD 
average 
(secs) 
Total COLD number of 
pins  
Pearson Correlation 1 -.290 
Sig. (2-tailed)  .258 
N 31 17 
Stylus COLD average 
(secs) 
Pearson Correlation -.290 1 
Sig. (2-tailed) .258  
N 17 17 
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Scatter plot: Purdue Pegboard – Touch Screen 
 
Correlation results table 
 
 
Total COLD 
number of 
pins  
Touch COLD 
average 
Total COLD number of 
pins  
Pearson Correlation 1 -.532* 
Sig. (2-tailed)  .028 
N 31 17 
Touch COLD average Pearson Correlation -.532* 1 
Sig. (2-tailed) .028  
N 17 17 
*. Correlation is significant at the 0.05 level (2-tailed). 
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Scatter plot: Purdue Pegboard – Moberg Pick-up Test 
 
P11 was identified as an outlier and removed.  Correlation results with and 
without the outlier included are detailed 
Correlation results tables 
With outlier 
 
Total COLD 
number of 
pins  
Pick-up test 
COLD 
average time  
Total COLD number of 
pins  
Pearson Correlation 1 -.160 
Sig. (2-tailed)  .399 
N 31 30 
Pick-up test COLD 
average time  
Pearson Correlation -.160 1 
Sig. (2-tailed) .399  
N 30 30 
 
Without outlier 
 
Total COLD 
number of 
pins  
Pick-up test 
COLD 
average time  
Total COLD number of 
pins  
Pearson Correlation 1 -.298 
Sig. (2-tailed)  .116 
N 30 29 
Pick-up test COLD 
average time  
Pearson Correlation -.298 1 
Sig. (2-tailed) .116  
N 29 30 
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Scatter plot: Pinch Grip – Moberg Pick-up Test 
 
 
Correlation results table 
 
 
Pick-up test 
COLD 
average time  
Pinch grip 
COLD 
average 
Pick-up test COLD 
average time  
Pearson Correlation 1 -.301 
Sig. (2-tailed)  .295 
N 30 14 
Pinch grip COLD average Pearson Correlation -.301 1 
Sig. (2-tailed) .295  
N 14 14 
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Appendix B 
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Appendix B1:  
• LogMAR acuity charts developed and 
used in Study 2 
• LogMAR acuity chart scoring sheet 
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90% contrast LogMAR charts 70% contrast LogMAR charts 
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50% contrast LogMAR charts 30% contrast LogMAR charts 
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Participant No: 
 
Lighting condition:  
Appendices 
 
Appendix B2:  
Ethical Proposal and Ethical Clearance 
forms 
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Ethical measures 
ETHICAL ADVISORY COMMITTEE 
 
 
 
RESEARCH PROPOSAL FOR HUMAN BIOLOGICAL OR 
PSYCHOLOGICAL AND SOCIOLOGICAL INVESTIGATIONS 
This application should be completed after reading the University Code 
of Practice on Investigations Involving Human Participants  (found at 
http://www.lboro.ac.uk/admin/committees/ethical/ind-cophp.htm).   
Project Title 
Investigation into the effects everyday lighting levels have on a person’s (aged 
65+) visual capabilities and the resultant impact on product interaction 
Brief lay summary of the proposal for the benefit of non-expert members 
of the Committee 
The study aims to investigate how the different lighting levels experienced on a 
day-to-day basis affects a person’s visual capability and to determine from this 
the impact it has on using everyday products. 
 
The lighting study will assess a person’s visual acuity (ability to 
resolve/distinguish detail) with different contrasts and under different lighting 
levels.  The lighting levels will range from those experienced under street 
lighting at night (7.5 lx), to those experienced on an overcast day (i.e. 6000 lx).  
The human eye is capable of working without experiencing any discomfort in a 
much greater range of light, i.e. from 0.0001 lux to 100,000 lux.   
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Details of responsible investigator (supervisor in case of student 
projects) 
 
 
Title Mrs Surname Nicolle Forename Colette 
Department ESRI 
Email 
address 
c.a.nicolle@lboro.ac.uk 
 
Personal experience of proposed procedures and/or methodologies: 
Colette Nicolle, Principal Investigator on the EPSRC i-design3 project, 
is a Research Fellow and Fellow of the Ergonomics Society, and is 
Internal Examiner for: HUC/P114, Disability, Ageing and Inclusive 
Design, in the Department of Human Sciences, and MPC019, 
Designing for Vulnerable Users, in IPTME.  She has extensive 
experience, through both research and consultancy projects, in user 
requirements and evaluation methods and techniques in a range of 
application areas and with users who are older and disabled. 
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Researcher conducting the trials: 
 
Title Mr Surname: Elton Forename: Eddy 
Department ESRI 
Email 
address 
e.elton@lboro.ac.uk 
Personal experience of proposed procedures and/or methodologies. 
Eddy has 6 years research experience at Loughborough University 
 
HSE: Risk Recidivist (2002), home interviews, 50 participants all who had been 
part of server accidents 
 
Worlds Apart: Children’s inflatable toys (2003), user trials, 40 participants aged 
5 and under 
 
HSE: Body-Size project (2004) anthropometric survey, 600 participants 
 
Equal project: Portland Virtual learning Environment (2005) user evaluations 40 
severely disabled under 18’s 
 
EPSRC project: i-design (2006 – 2010) Focus groups and interviews 20 older 
and disabled adults 
 
 
4. Names, experience, department and email addresses of additional 
investigators 
No other investigators will be involved in conducting the study 
Appendices 
 
 
5. Proposed start and finish date and duration of project  
Start date 1 August  08 Finish date 22nd Sept 08 Duration Up to 2 months 
Start date for data-collection 1 Aug 08  
NB. Data collection should not commence before EAC approval is granted. 
6. Location(s) of project 
Human Sciences lighting laboratory 
 
7. Reasons for undertaking the study (eg contract, student research) 
Contract 
 
8. Do any of the investigators stand to gain from a particular conclusion 
of the research project? 
 
No 
 
9a. Is the project being sponsored? Yes X No  
If yes, please state source of funds including contact name and address. 
EPSRC 
 
9b. Is the project covered by the sponsors 
insurance? 
Yes  No X 
If no, please confirm details of alternative cover (eg University cover). 
 
University cover 
10. Aims and objectives of project 
Determine the extent environmental contextual factors affect the capability of 
people over 65 years old 
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Determine the extent environmental contextual factors impact on product 
interaction  
 
Develop an environmental and contextual resource for designers  
 
11. Brief outline of project 
The EPSRC i~design3 project runs for 4 years (from Oct 2006-Sept 2010) in 
collaboration with the Engineering Design Centre and Department of Psychiatry 
at the University of Cambridge, and the Royal College of Art Helen Hamlyn 
Centre.  Our current focus includes: conducting studies to build a richer picture 
of the extent to which context can exclude older and disabled people from using 
products and technologies, translating this knowledge into useful guidance for 
designers, and designing and developing a resource to raise designers' 
awareness and knowledge of context in relation to inclusive design.  
 
ESRI is responsible for investigating the effect environmental context has on a 
user’s capabilities and what the subsequent effects are in relation to product 
interaction. In the first instance, ESRI is investigating the effects of physical 
environmental context, with lighting as the first area of investigation. 
 
A) STUDY DESIGN 
• Repeated measures experiment 
• Approximately 40 participants 
• Experiment lasting no longer than 1hr 15mins 
• Each participant exposed to 3 everyday lighting levels 7.5 lx (under a 
street lamp at night), 150 lx (illumination experienced in a house) and 
6000 lx (an overcast day)] 
• Each participant is required to read a letter chart and use a product 
(either a remote control, digital camera and/or a mobile phone) in each 
of the 4 lighting conditions 
 
B) MEASUREMENTS TO BE TAKEN 
Visual acuity  
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12. Please indicate whether the proposed study: 
Involves taking bodily samples Yes  No X 
Involves procedures which are physically invasive (including the 
collection of body secretions by physically invasive methods) 
Yes  No X 
Is designed to be challenging (physically or psychologically in any 
way), or involves procedures which are likely to cause physical, 
psychological, social or emotional distress to participants 
Yes  No X 
Involves intake of compounds additional to daily diet, or other dietary 
manipulation / supplementation 
Yes  No X 
Involves pharmaceutical drugs (please refer to published guidelines)  Yes  No X 
Involves testing new equipment Yes  No X 
Involves procedures which may cause embarrassment to participants Yes  No X 
Involves collection of personal and/or potentially sensitive data Yes  No X 
Involves use of radiation (Please refer to published guidelines. 
Investigators should contact the University’s Radiological Protection 
Officer before commencing any research which exposes participants 
to ionising radiation – e.g. x-rays) 
Yes  No X 
Involves use of hazardous materials (please refer to published 
guidelines) 
Yes  No X 
Assists/alters the process of conception in any way Yes  No X 
Involves methods of contraception Yes  No X 
Involves genetic engineering Yes  No x 
If Yes - please give specific details of the procedures to be used and 
arrangements to deal with adverse effects. 
 
The experiment is designed to test the limits of a person’s visual capability (i.e. 
the minimum size of detail at different contrast levels a person can comfortably 
discriminate at a metre) under different lighting conditions.  Participants will be 
asked to read each line of letters on the visual acuity chart, which progressively 
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get smaller, until they get 3 letters wrong in a row.  Once this has happened 
participants will be instructed to stop reading the chart.  This is the 
recommended scoring procedure for such tests as it indicates when a person is 
beginning to experience visual difficulties.  This also means that the test is 
stopped before a person tries to distinguish detail that is past a level which they 
are visually incapable, which could result in stress or their straining their eyes.    
 
Detailed within section 16 of this proposal are the procedures that will be 
followed if participant acuity scores are worse than expected or, not good 
enough to drive.   
 
13. Participant Information 
Details of participants (gender, age, special interests etc): 
 
Participants will be aged 65 and over, with either good or corrected vision, or a 
minor visual impairment.  People registered as being sight impaired or 
registered blind will not be part of the sample. 
They will be both Male and Female. 
The majority will be retired 
Number of participants to be recruited: 40-50.  
How will participants be selected?  Please outline inclusion/exclusion 
criteria to be used. 
The criteria for selecting participants will be: 
 Age - 65 years and older. 
Visual ability – all must have good vision (with or without glasses), or have one 
of the following visual impairments – Age Related Macular Degeneration or 
Cataracts.  People registered as being sight impaired or registered blind will not 
be part of the sample.   
 
How will participants be recruited and approached?  
Participants will be recruited in a number of ways: 
1) ESRI participant database 
2) Recruitment adverts placed in local opticians and low vision units 
3) Through the local branch of the University of the Third Age 
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4) Adverts placed in the local paper  
 
Please state demand on participants' time. 
The experiment will take no-longer than 1 hour 15 minutes 
Participants will be recruited from the local area, travel time to and from the 
university is expected to be no greater than 20 minutes. 
 
14. Control Participants 
Will control participants be used? Yes  No X 
If Yes, please answer the following: 
Number of control participants to be recruited:  
How will control participants be selected?  Please outline 
inclusion/exclusion criteria to be used. 
 
 
How will control participants be recruited and approached?  
 
 
Please state demand on control participants' time. 
 
 
15. Procedures for chaperoning and supervision of participants during 
the investigation 
The named researcher and the participant will be present in the actual room 
where the study takes place.  Another member of staff will be close by in case 
there is an accident/emergency. 
 
16. Possible risks, discomforts and/or distress to participants 
Elderly participants falling ill.   Another member of staff will be close by at all 
times during the experiment.  If this was to occur the investigator would stay 
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with the participant and instruct the other member of staff to call for assistance.  
The participant will therefore not be left alone. 
 
Feeling tired – between each battery of tests the participants will be asked to 
record how tired they are feeling.  If they report they are beginning to get tired 
the experiment will stopped until the participant feels OK to carry on.  Between 
each battery of tests participants are given between 5 -12.5 minutes for their 
eyes to adjust, in which time the participants will not be required to do anything.   
 
Bright lights - Prior to conducting each part of the experiment, participants will 
be asked if they experience any visual discomfort e.g. the lights being too bright; 
if so that particular lighting level will not be tested .  Participants will also be told 
to stop at any point if they experience visual discomfort or if they begin to feel 
tired. 
 
 
Uncovering visual impairments 
The battery of vision tests may uncover visual impairments that a participant is 
unaware of.  At the end of the experiment each participant will be provided with 
general feedback on their scores i.e. good vision, slight impairment, severe 
impairment.  If the participant scores fall within a range that they are unaware of, 
e.g. the participant thinks they have good vision but the tests indicate they may 
have a slight visual impairment, it will be recommended they take a full vision 
check at an opticians.  Since most of the participants will be recruited through 
opticians and vision units, severe impairment is not sought nor anticipated. 
 
If participants have driven to the experiment and the vision tests uncover their 
visual acuity is worse than what is required - the law states that: a licence holder 
must meet the eyesight requirements i.e. to read in good light (with glasses) a 
registration mark fixed to a motor vehicle and containing letters and figures 79 
millimetres high and 57 millimetres at a distance of 20.5 metres.  This is said to 
correspond to a visual acuity of approximately 6/10 (20/32 in feet).  Participants 
will be made aware of this and it will be recommended that they do not drive 
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home, they will be given the opportunity to call for someone to pick them up, if 
this is not possible the investigator will take them home.  Campus security will 
be contacted to make them aware the vehicle will be left on campus.  It will also 
be recommended that the participant undertakes a full vision test before driving 
again.   
 
17. Details of any payments to be made to the participants 
Participants will be paid £10 to cover any travel costs and expenses 
 
 
18. Is written consent to be obtained from 
participants? 
Yes X No  
If yes, please attach a copy of the consent form to be used. 
If no, please justify. 
 
 
19. Will any of the participants be from one of the following vulnerable 
groups? 
Children under 18 years of age 
7.6.1.1  
 
 No  
People over 65 years of age Yes x No  
People with mental illness  Yes  No  
Prisoners/other detained persons Yes  No  
Other vulnerable groups Yes x No  
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If you have selected yes to any of the above, please answer the 
following questions: 
a) what special arrangements have been made to deal with the issues 
of consent? 
 
All participants will either have good vision or be slightly visually impaired.   The 
RNIB suggests that people with an acuity score of between 20/40 – 20/60 are 
slightly visually impaired.  Tate (2005) reports that there is not an international 
classification for this, but some studies have reported that this represents a 
reduction in visual acuity sufficient to affect lifestyle.  Due to there being no 
classification for this, participants may be unaware of their visual level of 
capability, therefore a number of measures will be made to ensure participants 
are safe during the trials. 
 
1) Make sure they are able to get to and from the trials safely. If transport is a 
problem, it will be arranged to pick them up and take them home from the trial. 
They will be invited/encouraged to be accompanied by a friend or partner, 
especially to provide transport for those with even a slight visual impairment. 
 
2) They will be met at the main entrance and escorted to where the experiment 
is being conducted.  They will also be escorted off campus.  
 
b) have investigators obtained necessary police registration/clearance? 
(please provide details or indicate the reasons why this is not 
applicable to your study) 
 
Yes.  Eddy the named researcher has obtained an enhanced CRB check 
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20. How will participants be informed of their right to withdraw from the 
study? 
It will be detailed on the informed consent form and they will be verbally told at 
the beginning of the experiment 
 
21. Will the investigation include the use of any of the following? 
Audio recording  Yes X No  
Video recording Yes X No  
Observation of participants Yes X No  
If yes to any, please provide detail of how the recording will be stored, when the 
recordings will be destroyed and how confidentiality of data will be ensured? 
The information will be kept in a secure location. All of the raw data will be 
destroyed within 5 years of the publication of the study. If the participant agrees 
to a video recording being used within the project (to be agreed in the Informed 
Consent Form), then the video may be incorporated within the design resource, 
but only with the explicit consent of the participant. 
The Committee’s guidelines on data collection and storage will be adhered to. 
 
22. What steps will be taken to safeguard anonymity of 
participants/confidentiality of personal data? 
All participants’ data will be recorded under a numbering system. 
No participant’s personal details will be recorded on data sheets; therefore it will 
not be possible to identify data to participants’ personal details. 
 
All data will be kept on ESRI computers which are protected by two passwords.  
The data will be stored on the University network. 
 
23. What steps have been taken to ensure that the collection and 
storage of data complies with the Data Protection Act 1998?   Please see 
University guidance on Data Collection and Storage and Compliance 
with the Data Protection Act. 
Please see above answer - 22 
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24. INSURANCE COVER: 
It is the responsibility of investigators to ensure that there is appropriate 
insurance cover for the procedure/technique. 
 
The University maintains in force a Public Liability Policy, which indemnifies it 
against its legal liability for accidental injury to persons (other than its 
employees) and for accidental damage to the property of others. Any 
unavoidable injury or damage therefore falls outside the scope of the policy. 
 
Will any part of the investigation result in unavoidable 
injury or damage to participants or property? 
Yes  No X 
If yes, please detail the alternative insurance cover arrangements and attach 
supporting documentation to this form. 
 
 
 
The University Insurance relates to claims arising out of all normal activities 
of the University, but Insurers require to be notified of anything of an unusual 
nature  
Is the investigation classed as normal activity? Yes X No  
If no, please check with the University Insurers that the policy will cover 
the activity.  If the activity falls outside the scope of the policy, please 
detail alternative insurance cover arrangements and attach supporting 
documentation to this form. 
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25. Declaration 
I have read the University's Code of Practice on Investigations on 
Human Participants and have completed this application.  I confirm that 
the above named investigation complies with published codes of 
conduct, ethical principles and guidelines of professional bodies 
associated with my research discipline. 
I agree to provide the Ethical Advisory Committee with appropriate 
feedback upon completion of my investigation. 
Signature of applicant:  .................................................................... 
Signature of Head of Department:  .................................................................... 
Date  .................................................................... 
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PLEASE ENSURE THAT YOU HAVE ATTACHED COPIES OF THE 
FOLLOWING DOCUMENTS TO YOUR SUBMISSION. 
• Participant Information Sheet 
• Informed Consent Form 
• Health Screen Questionnaire* 
• Advertisement/Recruitment material* 
• Evidence of consent from other Committees* 
 
*where relevant 
Ref No: R08-P95 
LOUGHBOROUGH UNIVERSITY 
ETHICAL ADVISORY COMMITTEE 
RESEARCH PROPOSAL INVOLVING HUMAN PARTICIPANTS 
______________________________________________________________ 
 
 
Title: 
 
Investigation into the effects everyday lighting levels have 
on a person's (aged 65+) visual capabilities and the 
resultant impact on product interaction 
Applicant: 
 
C Nicolle, E Elton 
Department:
  
 
Ergonomics and Safety Research Institute 
Date of 
clearance: 
 
1 August 2008 
Comments of the Committee: 
 
The Committee agreed to issue clearance to proceed subject to the following 
conditions: 
• That the Participant Information Sheet was amended to include full contact 
details of all investigators and that the Information Sheets were given to the 
participants in advance of the investigation so that they had sufficient time to 
ask any questions. 
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Appendix B3:  
Participant Information Sheet and Consent 
Form 
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Participant Information Sheet 
My name is Eddy Elton.  I am a researcher at Loughborough University where I am 
conducting a study with Engineering Design Centre at Cambridge University and the 
Royal College of Art Helen Hamlyn Centre in London.  The project is investigating 
how people aged 65 years and older become excluded from using products because 
of the environment in which the products are used.  This study is investigating the 
effects of lighting on a person’s visual ability. 
 
Participation in this study will require you to identify letters on a vision chart under 3 
different lighting conditions.  You will also be required to look at three products under 
each lighting condition and read off some information such as numbers, signs and 
words.  The three lighting conditions tested will be representative of those 
experienced on a day to day basis.  The lighting levels tested will range between 
those experienced at night under street lighting to that experienced on an overcast 
day.   
 
If you feel tired at any point, please say and we will take a break.  If you find the 
lighting level is too bright at any point, please say and we will move onto the next 
one. 
 
Today’s study will take about 1 hour 15 minutes to complete.  Any data collected will 
be kept confidential and stored securely.  You will be identified by a participant 
number rather than name so that no one can attribute the data that you give to you 
personally. 
 
Do you have any questions?  Please feel free to ask me any further questions.  Our 
work contact details are: 
Eddy Elton 
Tel: 01509 226921 (office) or 07983 625791 (mobile) 
E-mail: e.elton@lboro.ac.uk 
 
Colette Nicolle (Supervisor) 
Tel 01509 226973 
Email: c.a.nicolle@lboro.ac.uk  
 
Thank you very much for your participation 
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Vision study 
 
INFORMED CONSENT FORM 
 
 
The purpose and details of this study have been explained to me.  I 
understand that this study is designed to further scientific knowledge and that 
all procedures have been approved by the Loughborough University Ethical 
Advisory Committee. 
 
I have read and understood the information sheet and this consent form. 
 
I have had an opportunity to ask questions about my participation. 
 
I understand that I am under no obligation to take part in the study. 
 
I understand that I have the right to withdraw from this study at any stage for 
any reason, and that I will not be required to explain my reasons for 
withdrawing. 
 
I understand that all the information I provide will be treated in strict 
confidence. 
 
I give my consent for the following to be taken of myself during this study to 
be used for the project’s research output and more general publications such 
as teaching.  All reference to participants and subsequent 
publications/presentations will be anonymous, i.e. you will not be identified by 
name and no data will be attributed to you.  (please tick) 
 
Photos  
Video  
Audio  
 
I agree to participate in this study. 
 
                    Your name 
 
 
 
              Your signature 
 
 
 
Signature of investigator 
 
 
                               Date 
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Appendix B4:  
Identification of outliers  
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Overcast box-plots 
 
In-house box-plots 
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Street lighting box-plots 
 
 
 
Appendices 
 
Appendix B5:  
Descriptive statistics, skew calculations and 
histograms for LogMAR acuity charts 
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Overcast: 90% contrast  
 
Code 
FREQUENCIES 
  VARIABLES=Over_90 
  /NTILES=  4 
  /STATISTICS=STDDEV MEAN MEDIAN SKEWNESS SESKEW 
  /HISTOGRAM  NORMAL 
  /ORDER=  ANALYSIS . 
 
Statistics 
Overcast 90%  
N Valid 38 
Missing 0 
Mean .1000 
Median .1000 
Std. Deviation .18009 
Skewness .322 
Std. Error of Skewness .383 
Percentiles 25 .0000 
50 .1000 
75 .2000 
Significant Skewness calculation 
0.322 / 0.383 = 0.84 (<1.96, not significantly skewed) 
 
Histogram 
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Overcast: 70% contrast  
 
Code 
FREQUENCIES 
  VARIABLES=Over_70 
  /NTILES=  4 
  /STATISTICS=STDDEV MEAN MEDIAN SKEWNESS SESKEW 
  /HISTOGRAM  NORMAL 
  /ORDER=  ANALYSIS . 
 
Statistics 
Overcast 70%  
N Valid 37 
Missing 1 
Mean .1162 
Median .1000 
Std. Deviation .18335 
Skewness .433 
Std. Error of Skewness .388 
Percentiles 25 .0000 
50 .1000 
75 .2000 
 
Significant Skewness calculation 
0.433 / 0.388 = 1.12 (<1.96, not significantly skewed) 
 
Histogram 
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Overcast: 50% contrast  
Code 
FREQUENCIES 
  VARIABLES=Over_50 
  /NTILES=  4 
  /STATISTICS=STDDEV MEAN MEDIAN SKEWNESS SESKEW 
  /HISTOGRAM  NORMAL 
  /ORDER=  ANALYSIS . 
 
Statistics 
Overcast 50%  
N Valid 36 
Missing 2 
Mean .1833 
Median .2000 
Std. Deviation .12536 
Skewness -.128 
Std. Error of Skewness .393 
Percentiles 25 .1000 
50 .2000 
75 .3000 
 
Significant Skewness calculation 
-0.128 / 0.393 = -0.33 (<1.96, not significantly skewed) 
 
Histogram 
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Overcast: 30% contrast  
 
Code 
FREQUENCIES 
  VARIABLES=Over_30 
  /NTILES=  4 
  /STATISTICS=STDDEV MEAN MEDIAN SKEWNESS SESKEW 
  /HISTOGRAM  NORMAL 
  /ORDER=  ANALYSIS . 
 
Statistics 
 
Overcast 30% 
N Valid 31 
Missing 7 
Mean .2548 
Median .3000 
Std. Deviation .12339 
Skewness -.176 
Std. Error of Skewness .421 
Percentiles 25 .2000 
50 .3000 
75 .3000 
 
Significant Skewness calculation 
-0.176 / 0.421 = -0.418 (<1.96, not significantly skewed) 
 
 
Histogram 
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In-house lighting: 90% contrast  
 
Code 
FREQUENCIES 
  VARIABLES=Inhouse_90 
  /NTILES=  4 
  /STATISTICS=STDDEV MEAN MEDIAN SKEWNESS SESKEW 
  /HISTOGRAM  NORMAL 
  /ORDER=  ANALYSIS . 
 
Statistics 
In-house 90%  
N Valid 36 
Missing 2 
Mean .2333 
Median .2000 
Std. Deviation .16562 
Skewness -.249 
Std. Error of Skewness .393 
Percentiles 25 .1000 
50 .2000 
75 .3750 
 
Significant Skewness calculation 
-0.249 / 0.393 = 0.63 (<1.96, not significantly skewed) 
 
Histogram 
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In-house lighting: 70% contrast  
 
Code 
FREQUENCIES 
  VARIABLES=Inhouse_70 
  /NTILES=  4 
  /STATISTICS=STDDEV MEAN MEDIAN SKEWNESS SESKEW 
  /HISTOGRAM  NORMAL 
  /ORDER=  ANALYSIS . 
 
Statistics  
In-house 70%  
N Valid 33 
Missing 5 
Mean .2788 
Median .3000 
Std. Deviation .16347 
Skewness -.322 
Std. Error of Skewness .409 
Percentiles 25 .1500 
50 .3000 
75 .4000 
Significant Skewness calculation 
-0.322 / 0.409 = -0.79 (<1.96, not significantly skewed) 
 
Histogram 
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In-house lighting: 50% contrast  
Code 
FREQUENCIES 
  VARIABLES=Inhouse_50 
  /NTILES=  4 
  /STATISTICS=STDDEV MEAN MEDIAN SKEWNESS SESKEW 
  /HISTOGRAM  NORMAL 
  /ORDER=  ANALYSIS . 
 
Statistics 
In-house 50%  
N Valid 31 
Missing 7 
Mean .3161 
Median .3000 
Std. Deviation .12675 
Skewness -.323 
Std. Error of Skewness .421 
Percentiles 25 .2000 
50 .3000 
75 .4000 
Significant Skewness calculation 
-0.323 / 0.421 = -0.77 (<1.96, not significantly skewed) 
 
Histogram 
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In-house lighting: 30% contrast  
 
Code  
FREQUENCIES 
  VARIABLES=Inhouse_30 
  /NTILES=  4 
  /STATISTICS=STDDEV MEAN MEDIAN SKEWNESS SESKEW 
  /HISTOGRAM  NORMAL 
  /ORDER=  ANALYSIS . 
 
Statistics 
In-house 30%  
N Valid 23 
Missing 15 
Mean .3826 
Median .4000 
Std. Deviation .08341 
Skewness -.163 
Std. Error of Skewness .481 
Percentiles 25 .3000 
50 .4000 
75 .4000 
Significant Skewness calculation 
-0.163 / 0.481 = -0.34 (<1.96, not significantly skewed) 
 
Histogram 
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Street lighting: 90% contrast  
 
Code 
FREQUENCIES 
  VARIABLES=Street_90 
  /NTILES=  4 
  /STATISTICS=STDDEV MEAN MEDIAN SKEWNESS SESKEW 
  /HISTOGRAM  NORMAL 
  /ORDER=  ANALYSIS . 
 
Statistics 
Street lighting 90%  
N Valid 30 
Missing 8 
Mean .2700 
Median .2500 
Std. Deviation .15570 
Skewness -.048 
Std. Error of Skewness .427 
Percentiles 25 .1000 
50 .2500 
75 .4000 
 
Significant Skewness calculation 
-0.048 / 0.427 = -0.11 (<1.96, not significantly skewed) 
 
Histogram  
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Street lighting: 70% contrast  
Code 
FREQUENCIES 
  VARIABLES=Street_70 
  /NTILES=  4 
  /STATISTICS=STDDEV MEAN MEDIAN SKEWNESS SESKEW 
  /HISTOGRAM  NORMAL 
  /ORDER=  ANALYSIS . 
 
Statistics 
Street Lighting 70%  
N Valid 30 
Missing 8 
Mean .3067 
Median .3000 
Std. Deviation .13629 
Skewness -1.091 
Std. Error of Skewness .427 
Percentiles 25 .2000 
50 .3000 
75 .4000 
Significant Skewness calculation 
-1.091 / 0.427 = 2.56 (>1.96, significantly skewed) 
 
Histogram 
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Street lighting: 50% contrast  
Code 
FREQUENCIES 
  VARIABLES=Street_50 
  /NTILES=  4 
  /STATISTICS=STDDEV MEAN MEDIAN SKEWNESS SESKEW 
  /HISTOGRAM  NORMAL 
  /ORDER=  ANALYSIS . 
 
Statistics 
Street lighting 50%  
N Valid 26 
Missing 12 
Mean .3808 
Median .4000 
Std. Deviation .09806 
Skewness -.411 
Std. Error of Skewness .456 
Percentiles 25 .3000 
50 .4000 
75 .5000 
 
Significant Skewness calculation 
-0.411 / 0.456 = -0.9 (<1.96, not significantly skewed) 
 
Histogram 
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Street lighting: 30% contrast  
Code 
FREQUENCIES 
  VARIABLES=Street_30 
  /NTILES=  4 
  /STATISTICS=STDDEV MEAN MEDIAN SKEWNESS SESKEW 
  /HISTOGRAM  NORMAL 
  /ORDER=  ANALYSIS . 
 
Statistics 
Street lighting 30%  
N Valid 17 
Missing 21 
Mean .4529 
Median .5000 
Std. Deviation .05145 
Skewness -.130 
Std. Error of Skewness .550 
Percentiles 25 .4000 
50 .5000 
75 .5000 
Significant Skewness calculation 
-0.13 / 0.55 = -0.24 (<1.96, Not significantly skewed) 
 
Histogram 
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Appendix B6:  
Paired comparisons for RQ2: What are older 
adults’ visual acuity capabilities under typical 
everyday ambient illumination levels? 
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Overcast 
 
Code:  
T-TEST PAIRS=Over_90 Over_70 Over_50 WITH Over_70 Over_50 Over_30 (PAIRED) 
  /CRITERIA=CI(.9500) 
  /MISSING=ANALYSIS. 
 
Results tables 
Paired Samples Statistics 
 Mean N Std. Deviation Std. Error Mean 
Pair 1 Overcast 90% .0892 37 .16961 .02788 
Overcast 70% .1162 37 .18335 .03014 
Pair 2 Overcast 70% .1056 36 .17394 .02899 
Overcast 50% .1833 36 .12536 .02089 
Pair 3 Overcast 50% .1774 31 .10866 .01952 
Overcast 30% .2548 31 .12339 .02216 
Paired Samples Correlations 
 N Correlation Sig. 
Pair 1 Overcast 90% & Overcast 
70% 
37 .801 .000 
Pair 2 Overcast 70% & Overcast 
50% 
36 .712 .000 
Pair 3 Overcast 50% & Overcast 
30% 
31 .518 .003 
 
Paired Samples Test 
 
Paired Differences 
t df 
Sig. (2-
tailed) Mean 
Std. 
Deviation 
Std. Error 
Mean 
95% Confidence 
Interval of the 
Difference 
Lower Upper 
Pair 1 Overcast 90% 
- Overcast 
70% 
-.02703 .11217 .01844 -.06443 .01037 -1.466 36 .151 
Pair 2 Overcast 70% 
- Overcast 
50% 
-.07778 .12215 .02036 -.11911 -.03645 -3.820 35 .001 
Pair 3 Overcast 50% 
- Overcast 
30% 
-.07742 .11463 .02059 -.11947 -.03537 -3.760 30 .001 
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In-house 
 
Code 
T-TEST PAIRS=Inhouse_90 Inhouse_70 Inhouse_50 WITH Inhouse_70 Inhouse_50 
Inhouse_30 (PAIRED) 
  /CRITERIA=CI(.9500) 
  /MISSING=ANALYSIS. 
 
Results tables 
Paired Samples Statistics 
 Mean N Std. Deviation Std. Error Mean 
Pair 1 In-house 90% .2031 32 .14916 .02637 
In-house 70% .2750 32 .16461 .02910 
Pair 2 In-house 70% .2645 31 .15822 .02842 
In-house 50% .3161 31 .12675 .02276 
Pair 3 In-house 50% .2783 23 .12044 .02511 
In-house 30% .3826 23 .08341 .01739 
 
Paired Samples Correlations 
 N Correlation Sig. 
Pair 1 In-house 90% & In-house 
70% 
32 .857 .000 
Pair 2 In-house 70% & In-house 
50% 
31 .811 .000 
Pair 3 In-house 50% & In-house 
30% 
23 .639 .001 
 
Paired Samples Test 
 
Paired Differences 
t df 
Sig. (2-
tailed) Mean 
Std. 
Deviation 
Std. Error 
Mean 
95% Confidence 
Interval of the 
Difference 
Lower Upper 
Pair 1 In-house 90% - 
In-house 70% 
-.07188 .08514 .01505 -.10257 -.04118 -4.776 31 .000 
Pair 2 In-house 70% - 
In-house 50% 
-.05161 .09263 .01664 -.08559 -.01764 -3.102 30 .004 
Pair 3 In-house 50% - 
In-house 30% 
-.10435 .09283 .01936 -.14449 -.06421 -5.391 22 .000 
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Street lighting 
 
Code 
NPAR TESTS 
  /WILCOXON=Street_90 Street_70 Street_50 WITH Street_70 Street_50 Street_30 
(PAIRED) 
  /STATISTICS QUARTILES 
  /MISSING ANALYSIS.  
 
Results tables 
Descriptive Statistics 
 
N 
Percentiles 
25th 50th (Median) 75th 
Street lighting 90% 30 .1000 .2500 .4000 
Street Lighting 70% 30 .2000 .3000 .4000 
Street lighting 50% 26 .3000 .4000 .5000 
Street lighting 30% 17 .4000 .5000 .5000 
 
 Ranks 
 
N Mean Rank Sum of Ranks 
Street Lighting 70% - Street 
lighting 90% 
Negative Ranks 7a 9.93 69.50 
Positive Ranks 14b 11.54 161.50 
Ties 7c   
Total 28   
Street lighting 50% - Street 
Lighting 70% 
Negative Ranks 1d 5.50 5.50 
Positive Ranks 15e 8.70 130.50 
Ties 8f   
Total 24   
Street lighting 30% - Street 
lighting 50% 
Negative Ranks 0g .00 .00 
Positive Ranks 13h 7.00 91.00 
Ties 3i   
Total 16   
a. Street Lighting 70% < Street lighting 90% 
b. Street Lighting 70% > Street lighting 90% 
c. Street Lighting 70% = Street lighting 90% 
d. Street lighting 50% < Street Lighting 70% 
e. Street lighting 50% > Street Lighting 70% 
f. Street lighting 50% = Street Lighting 70% 
g. Street lighting 30% < Street lighting 50% 
h. Street lighting 30% > Street lighting 50% 
i. Street lighting 30% = Street lighting 50% 
Appendices 
 
Test Statisticsb 
 
Street Lighting 
70% - Street 
lighting 90% 
Street lighting 
50% - Street 
Lighting 70% 
Street lighting 
30% - Street 
lighting 50% 
Z -1.689a -3.328a -3.358a 
Asymp. Sig. (2-tailed) .091 .001 .001 
a. Based on negative ranks. 
b. Wilcoxon Signed Ranks Test 
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Appendix B7:  
Paired comparisons results tables for RQ3: 
To what extent do everyday ambient 
illumination levels affect older adults’ visual 
acuity? 
  
Appendices 
 
90% contrast 
 
Code 
T-TEST PAIRS=Over_90 Inhouse_90 WITH Inhouse_90 Street_90 (PAIRED) 
  /CRITERIA=CI(.9500) 
  /MISSING=ANALYSIS. 
 
Results tables 
Paired Samples Statistics 
 Mean N Std. Deviation Std. Error Mean 
Pair 1 Overcast 90% .0889 36 .17201 .02867 
In-house 90% .2333 36 .16562 .02760 
Pair 2 In-house 90% .2000 30 .15974 .02916 
Street lighting 90% .2700 30 .15570 .02843 
Paired Samples Correlations 
 N Correlation Sig. 
Pair 1 Overcast 90% & In-house 
90% 
36 .725 .000 
Pair 2 In-house 90% & Street 
lighting 90% 
30 .776 .000 
 
Paired Samples Test 
 
Paired Differences 
t df 
Sig. (2-
tailed) Mean 
Std. 
Deviation 
Std. 
Error 
Mean 
95% Confidence 
Interval of the 
Difference 
Lower Upper 
Pair 1 Overcast 90% - 
In-house 90% 
-.14444 .12523 .02087 -.18682 -.10207 -6.921 35 .000 
Pair 2 In-house 90% - 
Street lighting 
90% 
-.07000 .10554 .01927 -.10941 -.03059 -3.633 29 .001 
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70% contrast 
Code 
NPAR TESTS 
  /WILCOXON=Inhouse_70 Street_70 WITH Over_70 Inhouse_70 (PAIRED) 
  /MISSING ANALYSIS. 
 
Results tables 
 
Ranks 
 N Mean Rank Sum of Ranks 
Overcast 70% - In-house 
70% 
Negative Ranks 31a 16.00 496.00 
Positive Ranks 0b .00 .00 
Ties 2c   
Total 33   
In-house 70% - Street 
Lighting 70% 
Negative Ranks 14d 10.25 143.50 
Positive Ranks 5e 9.30 46.50 
Ties 10f   
Total 29   
a. Overcast 70% < In-house 70% 
b. Overcast 70% > In-house 70% 
c. Overcast 70% = In-house 70% 
d. In-house 70% < Street Lighting 70% 
e. In-house 70% > Street Lighting 70% 
f. In-house 70% = Street Lighting 70% 
 
 
Test Statisticsb 
 Overcast 70% - 
In-house 70% 
In-house 70% - 
Street Lighting 
70% 
Z -4.922a -2.030a 
Asymp. Sig. (2-tailed) .000 .042 
a. Based on positive ranks. 
b. Wilcoxon Signed Ranks Test 
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50% contrast 
 
Code 
T-TEST PAIRS=Over_50 Inhouse_50 WITH Inhouse_50 Street_50 (PAIRED) 
  /CRITERIA=CI(.9500) 
  /MISSING=ANALYSIS. 
 
Results tables 
Paired Samples Statistics 
 Mean N Std. Deviation Std. Error Mean 
Pair 1 Overcast 50% .1613 31 .11741 .02109 
In-house 50% .3161 31 .12675 .02276 
Pair 2 In-house 50% .2800 25 .11180 .02236 
Street lighting 50% .3760 25 .09695 .01939 
 
Paired Samples Correlations 
 N Correlation Sig. 
Pair 1 Overcast 50% & In-house 
50% 
31 .469 .008 
Pair 2 In-house 50% & Street 
lighting 50% 
25 .607 .001 
 
Paired Samples Test 
 
Paired Differences 
t df 
Sig. (2-
tailed) Mean 
Std. 
Deviation 
Std. Error 
Mean 
95% Confidence 
Interval of the 
Difference 
Lower Upper 
Pair 1 Overcast 
50% - In-
house 50% 
-.15484 .12607 .02264 -.20108 -.10860 -6.839 30 .000 
Pair 2 In-house 
50% - Street 
lighting 50% 
-.09600 .09345 .01869 -.13458 -.05742 -5.136 24 .000 
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30% contrast – paired t-test  
 
Code 
T-TEST PAIRS=Over_30 Inhouse_30 WITH Inhouse_30 Street_30 (PAIRED) 
  /CRITERIA=CI(.9500) 
  /MISSING=ANALYSIS. 
 
 
Results tables 
 
Paired Samples Statistics 
 
Mean N Std. Deviation Std. Error Mean 
Pair 1 Overcast 30% .2286 21 .12306 .02685 
In-house 30% .3952 21 .07400 .01615 
Pair 2 In-house 30% .3625 16 .08062 .02016 
Street lighting 30% .4563 16 .05123 .01281 
  
Paired Samples Correlations 
 
N Correlation Sig. 
Pair 1 Overcast 30% & In-house 
30% 
21 .400 .072 
Pair 2 In-house 30% & Street 
lighting 30% 
16 .383 .143 
 
 Paired Samples Test 
 
Paired Differences 
t df 
Sig. (2-
tailed) Mean 
Std. 
Deviation 
Std. Error 
Mean 
95% Confidence 
Interval of the 
Difference 
Lower Upper 
Pair 1 Overcast 30% - 
In-house 30% 
-.16667 .11547 .02520 -.21923 -.11411 -6.614 20 .000 
Pair 2 In-house 30% - 
Street lighting 
30% 
-.09375 .07719 .01930 -.13488 -.05262 -4.858 15 .000 
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Appendix B8:  
Product task measures: Descriptive statistics, 
histograms and paired comparisons 
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Overcast product dataset 
Code 
DATASET ACTIVATE DataSet0. 
FREQUENCIES VARIABLES=Overcast_product 
  /STATISTICS=STDDEV MINIMUM MAXIMUM MEAN MEDIAN MODE 
SKEWNESS SESKEW 
  /HISTOGRAM NORMAL 
  /ORDER=ANALYSIS. 
 
 
Statistics 
Overcast_product 
N Valid 38 
Missing 0 
Mean 8.89 
Median 9.00 
Mode 12 
Std. Deviation 2.513 
Skewness -.360 
Std. Error of Skewness .383 
Minimum 4 
Maximum 12 
 
Histogram 
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In-house product dataset 
 
Code 
FREQUENCIES VARIABLES=Inhouse_product 
  /STATISTICS=STDDEV MINIMUM MAXIMUM MEAN MEDIAN MODE 
SKEWNESS SESKEW 
  /HISTOGRAM NORMAL 
  /ORDER=ANALYSIS.  
 
 
Statistics 
In-house_product 
N Valid 38 
Missing 0 
Mean 7.76 
Median 8.00 
Mode 5a 
Std. Deviation 2.972 
Skewness -.233 
Std. Error of Skewness .383 
Minimum 2 
Maximum 12 
a. Multiple modes exist. The smallest 
value is shown 
 
Histogram 
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Street lighting product dataset 
 
Code 
FREQUENCIES VARIABLES=Street_product 
  /STATISTICS=STDDEV MINIMUM MAXIMUM MEAN MEDIAN MODE 
SKEWNESS SESKEW 
  /HISTOGRAM NORMAL 
  /ORDER=ANALYSIS.  
 
Statistics 
Street_product 
N Valid 38 
Missing 0 
Mean 6.13 
Median 6.00 
Mode 6 
Std. Deviation 3.481 
Skewness -.092 
Std. Error of Skewness .383 
Minimum 0 
Maximum 12 
 
Histogram 
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Paired comparisons 
Overcast – In-house product performance 
 
Code 
NPAR TESTS 
  /WILCOXON=Overcast_product WITH Inhouse_product (PAIRED) 
  /MISSING ANALYSIS. 
 
 
Results tables 
Ranks 
 N Mean Rank Sum of Ranks 
In-house_product - 
Overcast_product 
Negative Ranks 29a 15.71 455.50 
Positive Ranks 1b 9.50 9.50 
Ties 8c   
Total 38   
a. In-house_product < Overcast_product 
b. In-house_product > Overcast_product 
c. In-house_product = Overcast_product 
 
 
Test Statisticsb 
 
In-
house_product 
- 
Overcast_produ
ct 
Z -4.725a 
Asymp. Sig. (2-tailed) .000 
a. Based on positive ranks. 
b. Wilcoxon Signed Ranks Test 
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In-house – street lighting product performance 
 
Code 
NPAR TESTS 
  /WILCOXON=Inhouse_product WITH Street_product (PAIRED) 
  /MISSING ANALYSIS. 
 
Results tables 
Ranks 
 N Mean Rank Sum of Ranks 
Street_product - In-
house_product 
Negative Ranks 32a 16.50 528.00 
Positive Ranks 0b .00 .00 
Ties 6c   
Total 38   
a. Street_product < In-house_product 
b. Street_product > In-house_product 
c. Street_product = In-house_product 
 
 
Test Statisticsb 
 
Street_product - 
In-
house_product 
Z -5.005a 
Asymp. Sig. (2-tailed) .000 
a. Based on positive ranks. 
b. Wilcoxon Signed Ranks Test 
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Appendix B9:  
Scatter plots and SPSS correlation results 
tables 
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Overcast 
 
Code 
CORRELATIONS 
  /VARIABLES=Inhouse_product Average_inhouse_acuity_score 
  /PRINT=TWOTAIL NOSIG 
  /MISSING=PAIRWISE. 
 
Code 
NONPAR CORR 
  /VARIABLES=Overcast_product Average_overcast_acuity_score 
  /PRINT=SPEARMAN TWOTAIL NOSIG 
  /MISSING=PAIRWISE. 
 
Correlations 
 Overcast_pro
duct 
Average_over
cast_acuity_s
core 
Spearman's rho Overcast_product Correlation Coefficient 1.000 -.624** 
Sig. (2-tailed) . .000 
N 38 32 
Average_overcast_acuity
_score 
Correlation Coefficient -.624** 1.000 
Sig. (2-tailed) .000 . 
N 32 32 
**. Correlation is significant at the 0.01 level (2-tailed). 
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In-house 
 
Code 
GRAPH 
  /SCATTERPLOT(BIVAR)=Average_inhouse_acuity_score WITH Inhouse_product 
  /MISSING=LISTWISE. 
  
Code 
NONPAR CORR 
  /VARIABLES=Inhouse_product Average_inhouse_acuity_score 
  /PRINT=SPEARMAN TWOTAIL NOSIG 
  /MISSING=PAIRWISE. 
 
 
Correlations 
 In-house_product 
Average_inhous
e_acuity_score 
Spearman's rho In-house_product Correlation Coefficient 1.000 -.579** 
Sig. (2-tailed) . .004 
N 38 23 
Average_inhouse_acuity_sc
ore 
Correlation Coefficient -.579** 1.000 
Sig. (2-tailed) .004 . 
N 23 23 
**. Correlation is significant at the 0.01 level (2-tailed). 
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Street lighting 
 
Code 
GRAPH 
  /SCATTERPLOT(BIVAR)=Average_SL_acuity_score WITH Street_product 
  /MISSING=LISTWISE. 
 
 
Code 
NONPAR CORR 
  /VARIABLES=Street_product Average_SL_acuity_score 
  /PRINT=SPEARMAN TWOTAIL NOSIG 
  /MISSING=PAIRWISE. 
 
 
Correlations 
 Street_produ
ct 
Average_SL
_acuity_scor
e 
Spearman's 
rho 
Street_product Correlation 
Coefficient 
1.000 -.611* 
Sig. (2-tailed) . .012 
N 38 16 
Average_SL_acuity_sc
ore 
Correlation 
Coefficient 
-.611* 1.000 
Sig. (2-tailed) .012 . 
N 16 16 
*. Correlation is significant at the 0.05 level (2-tailed). 
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Appendix C  
Appendices 
 
Appendix C1:  
Standard normal distribution/z-distribution 
table   
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Z-distribution table (taken from Howitt and Cramer, 2008, P48 & P49) 
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Appendix C2:  
Context of use interview used with 
designers 
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Introduction 
Hi ……  
 
Thank you for agreeing to take part in this interview.  I’m just going to take a 
minute to explain what’s going to happen and why, then we’ll start the 
interview, is that OK?   
 
What is going to happen? 
I am going to ask you a series of questions about your work environment and 
your roles and responsibilities as a designer.   
 
What is the purpose of this interview? 
The purpose of this interview is to gain an understanding of the circumstances 
in which you work, so that I can design a tool that is compatible with the ways 
you and other product designers work.  The design tool that I am developing 
aims to assist product designers in developing more inclusive products. 
 
Before I start the interview I would like to make you aware that you have the 
right to withdraw at anytime and to require your data to be destroyed. 
 
The interview should take between 45 minutes to an hour, are you OK for 
time?   
 
Do you have any questions? 
 
I have a couple of questions to ask you before we start the interview to make 
sure you fit the study criteria. 
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Exclusion criteria 
 
 
Exclude anybody whose main role is not designing everyday products, this 
will include, but is not exclusive to the following:  
 
Machinery Manufacturing 
devices 
Graphics Interiors 
Machine/component 
parts 
Buildings/architecture Clothes / 
textiles 
Jewellery 
Engineering devices Transport/automotive Transport / 
automotive 
Landscapes 
Lighting Systems Websites Games 
 
 
 
How long have you worked in this role for?...............................................  
(Must have at least 12 months experience working as a product designer)  
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User 
 
Gender:   Male   Female 
 
DOB:________________________________________________ 
 
Ethnicity:_____________________________________________ 
 
Nationality:___________________________________________  
 
What qualifications do you hold? 
______________________________________________________________
______________________________________________________________ 
 
How long have you worked in the design industry for?______________ 
 
What is your current job title?__________________________________ 
 
Do you have any impairments which affect your ability to carry out your role 
as a designer? 
_____________________________________________________________ 
_____________________________________________________________ 
 
Please describe how you feel about your current job/role? 
___________________________________________________________ 
 
Can you tell me the sorts of things you design in your current role? 
_____________________________________________________________ 
_____________________________________________________________ 
_____________________________________________________________ 
_____________________________________________________________ 
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Tasks 
 
Roles and responsibilities 
Could you talk me through your roles and responsibilities in a typical week at 
work, start with the design activities, then other activities that occupy your 
time. 
 
 
Roles & 
responsibilities 
% of role What does this task 
involve 
Where is it carried 
out 
 
 
 
 
   
 
 
 
 
   
 
 
 
 
   
 
 
 
 
   
 
 
Do you have any choice over the order these tasks are conducted:  
______________________________________________________________
______________________________________________________________
______________________________________________________________ 
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Social environment 
How many people are employed at this company?____________________ 
  
What is the structure of the organisation you work for (Hierarchical or team 
based, lots of small teams, one big team)? 
 
 
 
 
 
 
 
 
What hours do you typically work?__________________________________ 
 
In the majority of your tasks/design projects do you work as: 
 
 Individual   Pair   Team   Other 
 
 
If you work as a team, how many people does this usually involve? 
 
 3  4  5  6  7  8  9  10  +10 
 
 
 
Who are the other people in this team (internal or external to your company): 
______________________________________________________________
______________________________________________________________ 
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How would you describe the culture of the organisation you work for? 
(attitudes, experiences, beliefs, values, etc.) 
______________________________________________________________
______________________________________________________________
______________________________________________________________ 
 
What is the general attitude of the organisation you work for towards design? 
(valued/ seen as a way of turning round the brief/creative process where 
innovation happens) 
______________________________________________________________
______________________________________________________________
______________________________________________________________ 
 
How often do you communicate with: 
 Colleagues……………………………………………………………………  
 Managers…………………………………………………………………….. 
 Clients…………………………………………………………………………. 
 Partners……………………………………………………………………….. 
 
Are there many distractions when you are carrying out your daily tasks? 
 
 Yes   No 
 
 
What are these distractions? 
 Colleagues talking 
 Phones ringing / Phone calls 
 Colleagues asking questions 
 Other – please specify……………………………………………………………. 
 
Typically, how frequent are they? 
 
1-5mins  6-10mins  11-15mins   16-20mins           +20mins 
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Physical environment 
 
Where do you carry out the majority of your work tasks?  
 Open plan office 
 Individual office 
 Home office 
 Other: please specify…………………………………………………………….. 
 
Is it generally a noisy or quiet environment?___________________________ 
 
 
How do you find the ambient temperature in this environment? 
______________________________________________________________ 
 
How do you find the lighting in this environment? Is it adequate or does it 
cause you any problems? 
______________________________________________________________ 
 
 
Are there any health and safety hazards in your work environment? Do you 
have to wear PPE if there are? 
 
______________________________________________________________
______________________________________________________________
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Equipment 
I’d now like to ask you some questions about the equipment you use in your 
day-to-day roles and responsibilities.  This includes both software and 
hardware and anything else you can think of, such as drawing aids. Can I 
start by asking you what software do you regularly use? 
 
 
 
 
Finish with a wrap up  
• Summarise what you have learned 
• Clarify certain issues/uncertainties  
  
What is the equip 
/ format 
How often do you 
use it 
What for? Your opinion of this 
(Helpful, frustrating) 
1. 
 
   
2. 
 
   
3.    
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Appendix C3:  
Include conference workshop tool efficiency 
tasks  
(i~design 3 – inclusive design workshop, Include conference, 6th-8th April, 
Helen Hamlyn Centre, London.)  
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1. How many older adults would be included, if a product had been 
designed with 20pt Arial font at 50% contrast? 
 
2. How many older adults would be included, if a product had been 
designed with 26pt Arial font at 30% contrast? 
 
3. You are designing a remote control and the brief specifies you must 
include at least 90% of the older population.  What are your design 
options? 
 
4. You are designing a microwave display and the brief specifies you 
must include at least 55% of the older population.  What are your 
design options? 
 
5. The design brief specifies you have to be as inclusive as possible, but, 
letter size must not exceed 20pt Arial.  What is the best letter/contrast 
option? 
 
6. The design brief specifies you have to be as inclusive as possible, but 
letter size must not exceed 26pt Arial and contrast must not exceed 
65%. What is the best letter/contrast option? 
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Appendix C4:  
• Participant information sheet 
• Structured interview used to explore 
designers’ layout preferences and to 
evaluate content 
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I~design 3 
Participant Information Sheet 
 
Eddy Elton, ESRI, Holywell Park, Holywell Way, LE11 3UZ 
Email: e.elton@lboro.ac.uk 
Phone: 01509 226921 
 
Main Investigator: Colette Nicolle 
Email: c.a.nicolle@lboro.ac.uk  
Phone: 01509 226973 
 
What is the purpose of the study? 
The purpose of this study is to gain feedback from you regarding a new 
design tool aimed at designers such as yourself.  The aim is for you to provide 
feedback on a range of initial designs and intended content. The feedback I 
receive from this evaluation will help to inform the development of the design 
tool.   
 
Who is doing this research and why? 
 
The research is being conducted by the Ergonomics and Safety Research 
Institute at Loughborough University as part of the i~design 3 project which is 
funded by the EPSRC (UK Research Council) 
 
Once I take part, can I change my mind? 
 
Yes!  After you have read this information and asked any questions you may 
have I will ask you to complete an Informed Consent Form, however if at any 
time, before, during or after the sessions you wish to withdraw from the study 
please just contact the main investigator.  You can withdraw at any time, for 
any reason and you will not be asked to explain your reasons for withdrawing. 
 
How long will it take? 
 
The interview is expected to take no-longer than an hour. 
 
What if I am not happy with how the research was conducted? 
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The University has a policy relating to Research Misconduct and Whistle 
Blowing which is available online at 
http://www.lboro.ac.uk/admin/committees/ethical/Whistleblowing(2).htm.   
Background information 
 
 
Job title:______________________________________________________ 
 
 
How long have you worked in this role for? 
______________________________________________________________  
 
Company: 
______________________________________________________________  
 
 
Background as a designer: 
______________________________________________________________  
______________________________________________________________  
______________________________________________________________  
Appendices 
 
Page 1: Introduction page  
 
I’m developing an online tool for designers, the information I’m going to show 
you will be presented on the first page of the tool.  I would like you to read it 
and tell me briefly what you think this tool is about. 
 
 
Introduction page text: 
 
Welcome to the inclusive design toolkit’s Context Calculator.  This is a unique 
design tool that will provide you with data on people’s capabilities in a range 
of everyday environmental conditions.  
 
Detailed within this tool are data on how readable different letter size/contrast 
combinations are in a range of everyday lighting conditions.  Also, design 
guidance is provided on how to minimise the effects of everyday cold 
temperatures on product interaction.   
 
Click the ‘xxxx’ to find out what effects everyday environmental conditions 
have on product interaction.  Alternatively, to begin, select “xxxx”.   
 
 
Can you briefly describe what you think this tool is about: 
______________________________________________________________
______________________________________________________________
______________________________________________________________ 
 
What do you think of the amount of information presented here? 
 
 Too little 
 Just right 
 Too much 
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What information would you take out/What additional information do 
you think is need? 
______________________________________________________________
______________________________________________________________
______________________________________________________________
_______________ 
 
Is there anything else you’d like to see on the home page? 
 
______________________________________________________________
______________________________________________________________
______________________________________________________________
_______________ 
 
I’ve developed a series of paper prototypes of the different ways the 
home/introduction screen could be structured, which do you prefer? 
 
 Option 1 
 Option 2 
 Option 3 
 Option 4 
 
Is there any reason why? 
 
______________________________________________________________
______________________________________________________________
______________________________________________________________
_______________ 
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Understand more 
 
Vision and everyday cold temperatures 
 
The tool I’m developing will detail information about how everyday 
environmental conditions affect the capabilities users require to interact with 
products.  This is the information that is being displayed for vision and 
everyday lighting levels.  Have a read of the following information and I want 
you to tell me whether you think it is easy to understand and whether the tone 
is too academic, just right or too simple. 
 
 
Content 
The lighting levels we experience in a typical day vary greatly.  At night under 
street lighting there is very little light (7.5 lx).  However, in the daytime it can 
be over 13,000 times brighter (100,000 lx).  Changes in everyday lighting 
levels significantly affect our visual ability.  We are able to see much finer 
detail when lighting levels increase, as a result of the physiological changes 
that occur within the human eye.   
 
The science bit... 
When light enters the eye, the lens focuses it onto the retina, which consists 
of light receptor cells known as rods and cones. 
• Cones detect colour and detail (commonly function during the day). 
• Rods distinguish between different shades of grey and are very 
sensitive to light (commonly function at night). 
 
Why cone and rod vision is so different: 
• Cones are closely packed near the centre of the retina (fovea); they are 
linked individually to the brain which creates a very detailed image. 
• Rods are located in the peripheral parts of the retina, less tightly 
packed and connect in groups to the brain so that resolution of detail is 
less precise. 
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Therefore, as it gets lighter, more cones become stimulated, which results in 
you being able to see finer detail. 
 
Is this information easy to understand? 
______________________________________________________________
______________________________________________________________ 
 
Was the language used: 
 Too academic 
 Just right 
 Too simple 
  
Would you change anything? 
______________________________________________________________
______________________________________________________________ 
 
Dexterity in the cold 
The following information is being displayed for dexterity in the cold.  Have a 
read of the following information and I want you to tell me whether you think it 
is easy to understand and whether the tone is too academic, just right or too 
simple. 
 
Content 
Dexterity refers to the ability to use our hands.  Average UK winter 
temperatures of 5°C significantly reduce this ability.  In particular, it affects the 
fine precise movements we make with our hands and fingers.  We make 
these sorts of movements when pressing a sequence of buttons on a screen 
or key pad, opening and closing packaging, picking up and placing objects 
such as keys, nuts, coins, bank-cards, SIM cards etc. 
 
The science bit... 
When in cold environments the temperature of our body’s extremities (i.e. 
hands) reduces initially, even when wearing gloves.  This is caused by cold air 
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coming into contact with the skin.  As the skin cools, the blood flow to the 
hands decreases, resulting in less heat being dispersed to them. This cooling 
causes physical and chemical properties of fluids and tissues within the hand 
and arm to change. 
Physiological changes that occur to the joints and nerve receptors within the 
hand cause reductions in dexterity.   
• The cold causes the synovial fluid which lubricates the joints to become 
more viscous, so that movements are slower and require greater 
muscle power.  
• Nerve receptors located in the fingertips which detect tactile, pressure, 
thermal and pain stimuli lose their sensitivity when skin temperature 
drops (this is why some people say their hands feel numb when cold). 
 
Is this information easy to understand? 
______________________________________________________________
______________________________________________________________ 
 
Was the language used: 
 Too academic 
 Just right 
 Too simple 
  
Would you change anything? 
______________________________________________________________
______________________________________________________________ 
 
The term ‘Understand more’ has been used as a title for designers to 
navigate to this information – do you think this is appropriate based on 
the information that is being presented, or should it be titled/labelled 
differently? 
 
______________________________________________________________
______________________________________________________________ 
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Selecting a scenario of use 
To access the vision data on the readability of different letter size/contrast 
combinations you will first have to select a scenario of use i.e. lighting level 
and viewing distance.  The following information will be presented in the tool: 
 
Before viewing the data you must select a scenario of use that your product 
will typically be used in. To do this, select from the scenario of use options 
below. Start by selecting the appropriate lighting level 
 
1. Select a lighting level that your product will typically be viewed under 
2. Select a viewing distance your product will be typically viewed at 
 
From this information would you say it was clear what you had to do? 
______________________________________________________________
______________________________________________________________ 
 
I’ve developed a series of paper prototypes of the different ways the 
scenario selection screen could be structured, which do you prefer? 
 
 Option 1 
 Option 2 
 Option 3 
 Option 4 
 
Is there any reason why? 
______________________________________________________________
______________________________________________________________
______________________________________________________________ 
 
Is there anything you’d change? 
______________________________________________________________ 
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Screen layout for data tables 
 
After you have selected a scenario of use, a data table will be displayed 
detailing inclusion percentages for various letter font/contrast combinations. 
 
I’ve developed a series of paper prototypes of the different ways this 
screen could be structured, which do you prefer? 
 
 Option 1 
 Option 2 
 Option 3 
 Option 4 
 
Is there any reason why? 
 
______________________________________________________________
______________________________________________________________
______________________________________________________________ 
Is there anything you would change? 
______________________________________________________________
______________________________________________________________
______________________________________________________________ 
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Dexterity guidance 
The following information and design guidance is being provided on how to 
design products so that they are usable when used outdoors in everyday cold 
environments.  Have a read of the following information and I want you to tell 
me whether you think it is easy to understand and the guidance is easy to 
apply. 
 
Average outdoor UK winter temperatures (5°C) have been found to 
significantly affect certain types of dexterity. The ability to make fine precise 
movements with your fingers is reduced by up to 11% as a result of being 
exposed to such temperatures.  In reality this means fine finger tasks either 
take substantially longer or the same work rate is not possible in the cold.  
However, gripping actions (either using the whole hand or just the thumb and 
fingertips) are not affected by 5°C temperatures.   
 
Guidance on how to optimise the design of products for everyday cold 
environments: 
 
Fine finger controls 
Minimise the number of product interactions that require precise, accurate and 
controlled fine finger movements and manipulations.  Try to avoid small 
controls that have to be pressed in a sequence by the user.  Also, try avoid 
any controls that require very precise actions. 
 
Gripping actions 
Maximise the number of product interactions that can be operated through 
exerting a gripping action.  Two main grip types are: 
• Precision grip – when an object is gripped between the thumb and 
finger pulps. 
• Power grip – when an object is gripped using the whole hand. 
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Grip guidance 
• Gripping actions that use the whole hand are better than ones that 
require just the fingertips. 
• Make sure the user can perform the gripping task with their wrist in a 
level position (neutral posture).   
• Maximise the available contact area where possible as it will give users 
more choice over grip type. 
• Ensure there is a good surface texture to increase friction and therefore 
increase/aid grip.  
 
How would apply this guidance to the design of a mobile phone? 
______________________________________________________________
______________________________________________________________
______________________________________________________________ 
 
Is this information easy to understand? 
______________________________________________________________
______________________________________________________________ 
Was the language used: 
 
 Too academic 
 Just right 
 Too simple 
  
Would you change anything? 
______________________________________________________________
______________________________________________________________
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Stroke width 
 
The data tables presented within this part of the tool only refer to Arial font; 
however, the Context Calculator details the following information if you want 
to use another font.  Have a read of the following information and I want you 
to tell me whether you think it is easy to understand and whether the tone is 
too academic, just right or too simple. 
 
When using a font other than Arial you must ensure the letter stroke width of 
your chosen font matches the stroke width of the Arial font detailed in the 
chart. This will ensure the same percentage of people are included.  Stroke 
width refers to the thickness of the stroke of a letter.  Matching the font size 
(pt) is not reliable because letter size and stroke width vary greatly between 
different typefaces at any given size (pt). Avoid using script (handwriting) 
typefaces.  The legibility of Serif and Sans Serif typefaces are deemed equal 
at various viewing distances. 
 
Based on this description, how would you apply this information? 
______________________________________________________________
______________________________________________________________ 
 
Is this information easy to understand? 
______________________________________________________________
______________________________________________________________ 
Was the language used: 
 Too academic 
 Just right 
 Too simple 
  
Would you change anything? 
______________________________________________________________
______________________________________________________________ 
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Appendix C5: 
• Participant information sheet 
• Consent form 
• System Acceptance Questionnaire  
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Participant Information Sheet 
 
Eddy Elton, ESRI, Holywell Park, Holywell Way, LE11 3UZ 
Email: e.elton@lboro.ac.uk 
Phone: 01509 226921 
 
Main Investigator: Colette Nicolle 
Email: c.a.nicolle@lboro.ac.uk  
Phone: 01509 226973 
 
What is the purpose of the study? 
The purpose of this study is to gain feedback from you regarding a new 
design tool aimed at designers such as yourself.  The aim is for you to 
complete a number of tasks with the new design tool and then rate different 
aspects of it, such as its’ visual appearance, format, language used etc.  The 
feedback I receive from this evaluation will help to identify areas where future 
design improvements can be made. 
 
 
Who is doing this research and why? 
The research is being conducted by the Ergonomics and Safety Research 
Institute at Loughborough Universityas part of the i~design 3 project which is 
funded by the EPSRC (UK Research Council) 
 
Once I take part, can I change my mind? 
Yes!  After you have read this information and asked any questions you may 
have, I will ask you to complete an Informed Consent Form, however if at any 
time, before or during the session you wish to withdraw from the study please 
let me know.  You can withdraw at any time, for any reason and you will not 
be asked to explain your reasons for withdrawing. 
 
How long will it take? 
 
The evaluation is expected to take no-longer than an hour. 
 
What if I am not happy with how the research was conducted? 
 
The University has a policy relating to Research Misconduct and Whistle 
Blowing which is available online at 
http://www.lboro.ac.uk/admin/committees/ethical/Whistleblowing(2).htm.   
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Design tool (Context Calculator) evaluation 
INFORMED CONSENT FORM 
 
The purpose and details of this study have been explained to me.  I 
understand that this study is designed to further scientific knowledge and that 
all procedures have been approved by the Loughborough University Ethical 
Advisory Committee. 
 
I have read and understood the information sheet and this consent form. 
 
I have had an opportunity to ask questions about my participation. 
 
I understand that I am under no obligation to take part in the study. 
 
I understand that I have the right to withdraw from this study at any stage for 
any reason, and that I will not be required to explain my reasons for 
withdrawing. 
 
I understand that all the information I provide will be treated in strict 
confidence and will be kept anonymous and confidential to the researchers 
unless (under the statutory obligations of the agencies which the researchers 
are working with), it is judged that confidentiality will have to be breached for 
the safety of the participant or others.  
 
I agree to participate in this study. 
 
                    Your name 
 
 
              Your signature 
 
 
Signature of investigator 
 
 
                               Date 
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Task 1: First impressions 
You are planning on designing a mobile communication device (use another 
product if deemed appropriate) and you have been directed to this tool, the 
‘Context Calculator’, by a colleague.  I’d like you to spend 5 minutes 
familiarising yourself with the tool and then let me know your initial 
impressions.  Whilst looking at the tool, if something is not clear (navigation or 
content) then please speak aloud any problems you are experiencing. 
 
What are your initial impressions of this tool?  
 
 
 
Briefly describe what you think this tool is about: 
 
 
 
Usefulness 
Strongly 
agree 
Agree Neither Disagree Strongly 
disagree 
This tool will be very useful to me      
 
Visual aspects 
     
V1: I like the visual appearance of the 
tool 
     
V2: I like the colours used in the tool      
 
Format/Clarity 
     
The layout of the information is simple 
and intuitive 
     
The displays are very cluttered      
 
Language 
     
L1: The information in the tool was 
presented at the right level 
     
L2: The information in the tool was 
easy to understand  
     
 
Navigation 
     
I found it easy to navigate around the 
tool 
     
 
Time 
     
The time taken to use this part of the 
tool was acceptable 
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Task 2: Understand more - Vision 
You want to find out more about the effects of everyday environmental 
conditions on product interaction.  In particular, you want to find out how 
everyday environmental conditions impact on vision.  Spend a couple of 
minutes using this tool to find this information, once you have found it, please 
read it and complete the questions below. 
 
Is this information something you are already aware of?    Yes     No 
 
Usefulness Strongly 
agree 
Agree Neither Disagree Strongly 
disagree 
This part of the tool is very useful to 
me 
     
 
Visual aspects 
     
I like the visual appearance of this part 
of the tool 
     
 
Format/Clarity 
     
The layout of the information is simple 
and intuitive 
     
 
Language 
     
L1: The information in the tool was 
presented at the right level 
     
L2: I do not fully understand the 
information presented in this part of 
the tool 
     
 
Navigation 
     
It was clear where I needed to go to 
access this information 
     
 
Time 
     
The time taken to use this part of the 
tool was acceptable 
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Task 3: Vision inclusion data 
You now want to use the tool to determine what letter size/contrast 
combination you should use for the letters/numbers/symbols on the mobile 
communication device you are designing.  I would like you to use the tool to 
access the relevant information and then tell me what your decision would be. 
 
Questions 
What would your decision be regarding font size and contrast after viewing the data? 
 
 
 
 
What level of inclusion do you deem acceptable? 
 
 
 
 
Usefulness Strongly 
agree 
Agree Neither Disagree Strongly 
disagree 
This data is very helpful to me      
I don’t see the advantage in using this 
data 
     
 
Visual aspects 
     
This part of the tool is visually 
unappealing 
     
 
Format/Clarity 
     
F/C1: The layout of the information is 
simple and intuitive 
     
F/C2: The data in this part of the tool is 
clearly explained 
     
 
Language 
     
L1: The information in this part of the 
tool was presented at the right level 
     
L2: I feel confident in applying this 
data 
     
 
Navigation 
     
It was not always obvious where to 
navigate to 
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Time      
The time taken to use this part of the 
tool was acceptable 
     
 
 
More information links 
Did you use the ‘More information on ...’ links?    Yes     No 
 
Were these helpful? 
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Task 4: Using another font 
You’ve got to this page and realise the data only relates to Arial font, but you want to use 
another font.  Can you spend a few minutes having a look at what you need to do and then 
complete the below questions 
 
Usefulness Strongly 
agree 
Agree Neither Disagree Strongly 
disagree 
This information is very helpful to me      
I don’t see the purpose of this 
information 
     
 
Visual aspects 
     
I do not like the visual format of this 
part of the tool 
     
 
Format/Clarity 
     
The layout of the information is simple 
and intuitive  
     
 
Language 
     
L1: The information in this part of the 
tool is clear 
     
L2: I feel confident in applying this 
information 
     
 
Navigation 
     
I found it easy to navigate to this 
information 
     
 
Time 
     
The time taken to use this part of the 
tool was acceptable 
     
 
  
Appendices 
 
Task 5: Understand more – dexterity  
 
You’ve used the tool and found out all the relevant data/information you need 
on font/vision.  Because you are designing a mobile device you want to find 
out more about what effect an everyday cold temperature may have on 
dexterity.  Please spend five minutes using the tool to find out this information. 
 
Is this information something you are already aware of?    Yes     No 
 
Usefulness Strongly 
agree 
Agree Neither Disagree Strongly 
disagree 
This part of the tool is very useful to 
me 
     
 
Visual aspects 
     
I like the visual appearance of this part 
of the tool 
     
 
Format/Clarity 
     
The layout of the information is not 
simple and intuitive  
     
 
Language 
     
L1: The information in this part of the 
tool was presented at the right level 
     
L2: I do not fully understand the 
information presented in this part of 
the tool 
     
 
Navigation 
     
I found it easy to navigate to this 
information 
     
 
Time 
     
The time taken to use this part of the 
tool was acceptable 
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Task 6: Design options – Dexterity guidance 
Finally, you want to see the design guidance on how to minimise the effects of 
everyday cold temperatures on product interaction.   I would like you to use 
the tool to access the relevant information and then tell me how you would 
apply the guidance to the mobile communication device. 
 
 
Questions 
How would you apply this guidance to the design of the mobile? 
 
 
 
 
Usefulness Strongly 
agree 
Agree Neither Disagree Strongly 
disagree 
I don’t see the advantage in using this 
guidance 
     
 
Visual aspects 
     
This part of the tool is unappealing      
 
Format/Clarity 
     
F/C1: The layout of the information is 
simple and intuitive 
     
F/C2: The data in this part of the tool is 
clearly explained 
     
 
Language 
     
L1: The information in this part of the 
tool was presented at the right level 
     
L2: I feel I confident in applying this 
guidance 
     
 
Navigation 
     
I found it easy to navigate round this 
part of the tool 
     
 
Time 
     
The time taken to use this part of the 
tool was acceptable 
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Overall 
 
Usefulness 
Strongly 
agree 
Agree Neither Disagree Strongly 
disagree 
The tool will be very useful to me      
 
Visual aspects 
     
The design of this tool is unappealing      
 
Format/clarity 
     
The information laid out in this tool was 
clear 
     
 
Language 
     
L1: The information in the Context 
Calculator was difficult to understand 
     
L2: I feel confident in applying the data 
and guidance from this design tool 
     
 
Navigation 
     
I often get frustrated when navigating 
around this tool 
     
 
Time 
     
I am satisfied with the amount of time it 
took to use the tool 
     
 
Satisfaction 
     
S1: Overall I am satisfied with the tool  
 
     
S2: I would recommend this tool to a 
friend 
     
 
 
 
 
 
 
 
 
